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FORMING A WELLBORE CASING BY EXPANSION OP A TTODLAR MEMBER 

Background of the Invention 

This invention relates generally to wellbore casings, and 
5 in particular to wellbore casings that are formed using 
expandable tubing. 

Conventionally, when a wellbore is created, a number of 
casings are installed in the borehole to prevent collapse of 
the borehole wall and to prevent undesired outflow of drilling 
10 fluid into the formation or inflow of fluid from the formation 
into the borehole. The borehole is drilled in intervals 
whereby a casing which is to be installed in a lower borehole 
interval is lowered through a previously installed casing of 
an upper borehole interval. As a consequence of this 
15 procedure the casing of the lower interval is - of smaller 
diameter than the casing of the upper interval. Thus, the 
casings are in a nested arrangement with casing diameters 
decreasing in downward direction. Cement annuli are provided 
between the outer surfaces of the casings and the borehole 
20 wall to seal the casings from the borehole wall. As a 
consequence of this nested arrangement a relatively large 
borehole diameter is required at the upper part of the 
wellbore. Such a large borehole diameter involves increased 
costs due to heavy casing handling equipment, large drill bits 
25 and increased volumes of drilling fluid and drill cuttings 
Moreover, increased drilling rig time is involved due to 
required cement pumping, cement hardening, required equipment 
changes due to large variations in hole diameters drilled in 
the course of the well, and the large volume of cuttings 
30 drilled and removed. 

The present invention is directed to overcoming one or 
more of the limitations of the existing procedures for forcing 
new sections of casing in a wellbore. 



Summary of the Invention 

According to one aspect of the present invention, there 
is provided a method of creating a casing in a borehole 
located in a subterranean formation, comprising: installing a 
5 tubular liner and a mandrel in the borehole; injecting a 
fluidic material into the borehole; injecting the fluidic 
material through the mandrel; pressurizing a portion of an 
interior region of the tubular liner below the mandrel; and 
radially expanding at least a portion of the tubular liner in 
10 the borehole by extruding at least a portion of the tubular 
liner off of the mandrel. 

According to another aspect of the present invention, 
there is provided a method of creating a casing in a borehole 
located in a section of a subterranean formation, the borehole 
15 having an already existing casing, comprising: drilling out a 
new section of the borehole adjacent to the already existing 
casing; placing a tubular liner and an expandable mandrel into 
the new section of the borehole; overlapping the tubular liner 
with the already existing casing; injecting a hardenable 
20 fluidic sealing material into an annular region between the 
tubular liner and the new section of the borehole; fluidicly 
isolating the annular region between the tubular liner and the 
new section of the borehole from an interior region of the 
tubular liner below the mandrel; injecting a non hardenable 
25 fluidic material into the interior region of the tubular liner 
below the mandrel; extruding the tubular liner off of the 
expandable mandrel; sealing the overlap between the tubular 
liner and the already existing casing; supporting the tubular 
liner with the overlap with the already existing casing; 
30 removing the mandrel from the borehole; testing the integrity 
of the seal of the overlap between the tubular liner and the 
already existing casing; removing at least a portion of the 
hardenable fluidic sealing material from the interior of the 
tubular liner; curing the remaining portions of the hardenable 



fluidic sealing material; and removing at least a portion of 
the cured hardenable fluidic sealing material within the 
tubular liner. 

According to another aspect of the present invention, 
5 there is provided an apparatus 

comprising: a support member, the support member including a 
first fluid passage; a mandrel coupled to the support member, 
the mandrel including: a second fluid passage; a tubular 
member coupled to the mandrel; and a shoe coupled to the 
10 tiabular member, the shoe including a third fluid passage; 
wherein the first, second and third fluid passages are 
operably coupled. 

According to another aspect of the present invention, 
there is provided an apparatus 

15 comprising: a support member, the support member including: a 
first fluid passage; a second fluid passage; and a flow 
control valve coupled to the first and second fluid passages; 
an expandable mandrel coupled to the support member, the 
expandable mandrel including a third fluid passage coupled to 

20 the first fluid passage; a tubular member coupled to the 
mandrel, the tubular member including one or more sealing 
elements; a shoe coupled to the tubular member, the shoe 
including: a fourth fluid passage coupled to the third fluid 
passage, the fourth fluid passage adapted to receive a stop 

25 member; and one or more exhaust passages coupled to the fourth 
fluid passage for injecting fluidic material outside of the 
shoe; and at least one sealing member coupled to the support 
member, the sealing member adapted to prevent the entry of 
foreign material into an interior region of the tubular 

30 member. 

According to another aspect of the present invention, 
there is provided a method of joining a second tubular member 
to a first tubular member, the first tubular member having an 
inner diameter greater than an outer diameter of the second 



tubular member, cotrtprising: positioning a mandrel within an 
interior region of the second tubular member; pressurizing a 
portion of the interior region of the second tubular member 
below the mandrel by injecting a fluidic material into the 
5 second tubular member through the mandrel; and extruding the 
second tubular member off of the mandrel into engagement with 
the first tubular member. 

According to another aspect of the present invention, 
there is provided an apparatus 

10 comprising: a support member including a first fluid passage; 
a mandrel coupled to the support member, the mandrel 
including: a second fluid passage operably coupled to the 
first fluid passage; an interior portion; and an exterior 
portion; wherein the interior portion of the mandrel is 

15 drillable; an expandable tubular member coupled to the 
mandrel; and a shoe coupled to the tubular member, the shoe 
including: a third fluid passage operably coupled to the 
second fluid passage; an interior portion; and an exterior 
portion; wherein the interior portion of the shoe is 

20 drillable. 

According to another aspect of the present invention, 
there is provided an apparatus 

comprising: a support member defining a first fluid passage; 
an expansion mandrel coupled to the support member including 

25 an outer expansion surface and defining a second fluid 
passage; a ttibular liner coupled to the expansion mandrel; and 
a shoe coupled to the tubular liner defining a third fluid 
passage; wherein the first, second and third fluid passages 
are operably coupled; and wherein the interface between the 

30 tubular liner and the expansion mandrel is not fluid tight. 

According to another aspect of the present invention, 
there is provided an apparatus 

comprising: a support member defining a first fluid passage; 
an expansion mandrel coupled to the support member including 
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an outer expansion surface and defining a second fluid 
passage; a tubular liner coupled to the expansion mandrel; a 
shoe coupled to the tubular liner defining a third fluid 
passage; and a packer coupled to the shoe; wherein the first, 
5 second and third fluid passages are operably coupled. 

According to another aspect of the present invention, 
there is provided an apparatus 

comprising: a support member defining a first fluid passage; 
an expansion mandrel coupled to the support member including 

10 an outer expansion surface and defining a second fluid 
passage; a tubular liner coupled to the expansion mandrel; and 
a shoe coupled to the tubular liner defining a third fluid 
passage; wherein the first, second and third fluid passages 
are operably coupled; and wherein the third fluid passage 

15 defined by the shoe comprises one or more radial passages. 

According to another aspect of the present invention, 
there is provided an apparatus 

comprising: a support member defining a first fluid passage; 
an expansion mandrel coupled to the support member including 

20 an outer expansion surface and defining a second fluid 
passage; a tubular liner coupled to the expansion mandrel; and 
a shoe coupled to the tubular liner defining a third fluid 
passage; wherein the first, second and third fluid passages 
are operably coupled; and wherein the wall thickness of a 

25 portion of the tubular liner above the expansion surface of 
the expansion mandrel is greater than a wall thickness of a 
portion of the tubular liner below the expansion surface of 
the expansion mandrel. 

30 Brief Description of the Drawings 

Fig. 1 is a fragmentary cross -sectional view illustrating 
the drilling of a new section of a well borehole. 
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Fig. 2 is a fragmentary cross-sectional view illustrating 
the placement of an embodiment of an apparatus for creating a 
casing within the new section of the well borehole. 

Pig. 3 is a fragmentary cross -sectional view illustrating 
5 the injection of a first quantity of a hardenable fluidic 
sealing material into the new section of the well borehole. 

Pig. 3a is another fragmentary cross -sectional view 
illustrating the injection of a first quantity of a hardenable 
fluidic sealing material into the new section of the well 
10 borehole. 

Fig. 4 is a fragmentary cross-sectional view illustrating 
the injection of a second quantity of a hardenable fluidic 
sealing material into the new section of the well borehole. 
Fig. 5 is a fragmentary cross -sectional view illustrating 
15 the drilling out of a portion of the cured hardenable fluidic 
sealing material from the new section of the well borehole. 

Pig. 6 is a cross-sectional view of an overlapping joint 
between adjacent tubular members which can be utilised in 
apparatus of the present invention. 
20 Pig. 7 is a fragmentary cross -sectional view of a 

preferred embodiment of the apparatus for creating a casing 
within a well borehole. 

Fig. 8 is a fragmentary cross-sectional illustration of 
the placement of an expanded tubular member within another 
25 tubular member. 

Fig. 9 is a cross-sectional illustration of a preferred 
embodiment of an apparatus for forming a casing including a 
drillable mandrel and shoe. 

Fig. 9a is another cross -sectional illustration of the 
30 apparatus of Fig. 9. 

Fig. 9b is another cross -sectional illustration of the 
apparatus of Fig. 9. 

Pig- 9c is another cross -sectional illustration of the 
apparatus of Fig. 9. 
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Detailed Description of the ninstrative Embodiments 

An apparatus and method for forming a wellbore casing within a 
subterranean formation is provided. The apparatus and method permits a 
weUbore casing to be formed in a subterranean fonnation by placing a tubular 
5 member and a mandrel in a new section of a wellbore, and then extruding the 
tubular member off of the mandrel hy pressurizing an interior portion of the 
tubular member. The apparatus and method further permits acyacent tubular 
members in the wellbore to bejoinedusinganoverlappingjointthat prevents fl^^ 
and or gas passage. The apparatus and method further permits a new tubular 
10 member to be supported an existing tubular member by expanding the new 
tubular member into engagement with the existing tubular member. The 
apparatus and method further minimizes the reduction in the hole size of the 
weUbore casing necessitated by the addition of new sections of wellbore casing. 
An apparatus and method for forminga tie-back liner using an expandable 
15 tubular member is also provided. The apparatus and method permits a tie-back 
liner to be created by extruding a tubular member off of a mandrel by pressurizing 
and interior portion of the tubular member. In this manner, a tie-back liner is 
produced. TheapparatusandmethodfurtherpermitsacUacenttubularmembers 
m the wellbore to be joined using an overlapping joint that prevents fluid and/or 
20 gaspassage. The apparatus and method further permits a new tubular member 
to be supported by an existing tubular member by expanding the new tubular 
member into engagement with the existing tubular member. 

An apparatus and method for expandingatubular member is also provided 
that includes an expandable tubular member, mandrel and a shoe. In a preferred 

25 embodiment, the interior portions ofthe apparatus is composed of materials that 
permittheinterior portions to be removed usingaconventionaldrillingapparatus. 
In this manner, in the event of a malfunction in a downhole region, the ^paratus 
may be easily removed. 

An apparatus and method for hanging an expandable tubular liner in a 
30 wellbore is also provided. The apparatus and method permit a tubular liner to be 
attachedtoanexistingsectionofcasing. The apparatus and method further have 
application to the joining of tubular menj)er8 in general 



BrfertnginitiaUy to Figs. LS, m embodiment of en apparatus and method 
fcr forming a wellbor. casing witldn a subterranean formaUon will now Ik 
described. As iUustrated in Pig. 1, a wellbore 100 is portioned in a subterranean 
formation 105. The weUbore 100 includes an existing cased section 110 ha,tag a 
5 tubular casing 115 and an annular outer layer of cement 120. 

In order to ertend tb. wellbor. 100 into the subteinmean formation 105 

. dnll string 125 is used in a weU known manner to drill out material ftx,m the' 
subterraneui fbimation 106 to form a new section 130. 

As fflustrat«i in Kg. 2, an apparatus 200 for forming a wellbore casing in 
10 asubterraneanformationisthenpositionedinthenewsection 130oftheweUbo« 
100. 'l»'«!>t»m.tus200preferaUyinchriesanexpandablemandrelorpig205 a 
tubuhu- m«nber 210, a shoe 216, a lower cup seal 220. an upper cup seal 225 ' a 

fluidpass.ge230,.fluidpassage236,aauidpass.ge240,se.ls246.andasupp<irt 
member260. 

16 ■^'«^<W"«"^*«' 205 is coupled to and supported by the support 

member250. dependable mand.^ 205 is preferably adapted to controllably 
expand in a radial direction. Il* e:.pandable mandrel 205 may comprise any 
number Of conventional commercially a«Ul.blee:,«mdablemandrelsmodified in 
accordance with the te^^ings of present disclosure. In a p^erred 
20 '»''°^-t,thee,p.ndablem«.d,el206comprisesahyd^ 

dasdosed in U.S. Patent No. 6,348,096. the «mtents of which are incorporated 
berem by refe«nce, modified in accord«^ with the teachings of the p«sent 
disclosure. 

Thetubularmember210issupportedbythee.pa»iablemandrel205. The 
26 '»'«-«-»ber 210 is expanded in the radial direction and extruded offofthe 
«P«d-.le mandrel 205. The tubular member 210 may be fchricated fhun «^ 
numb» of conventi^^ commer^aUy available materials such as, for examph. 
CMfieldCount.y7h.bular Goods (OCTGUSduomtaa steel tubingfcasing or 
30 " r^'^ -obodiment. the tubular member 2l'o is 

30 f'^noatedftomOCTGinordertom.ximix.strength.fterexpan.ion. -n,einn.r 

approximately . .905 lo 1 19.38 cms (0.75 to 47 inches) «xi 2.667 to 121 .92 cms 
(1.05 to 48 inches), respectively, fa a preferred 



embodiment, the inner and outer diameters of the tubular member 2 1 6 range 
from about 7.62 to 39.37 cms (3 to 15.5 inches) and 8.89 to 40.64 cms (3.5 to 16 
inches), respectively in order to optimally provide minimal telescoping effect in 
the most commonly drilled wellbore sizes. The tubular member 210 preferably 
comprises a solid member. 

In a preferred embodiment, the end portion 260 of the tubular member 
2 10 is slotted, perforated, or otherwise modified to catch or slow down the 
mandrel 205 when it completes the extrusion of tubular member 210. In a 
prefenred embodiment, the length of the tubular member 210 is limited to 
minimize the possibility of buckling. For typical tubular member 2 1 0 materials, 
the length of the tubular member 210 is preferably limited to between about 
12.192 to 6096m (40 to 20,000 feet) in length. 

The shoe 215 is coupled to the expandable mandrel 205 and the tubular 
member 210. The shoe 215 includes fluid passage 240. The shoe 215 may 
comprise any number of conventional commercially available shoes such as, for 
example, Super Seal II float shoe, Super Seal II Down-Jet float shoe or a guide 
shoe with a sealing sleeve for a latch dov^nfi plug modified in accordance with 
the teachings of the present disclosure. In a preferred embodiment, the shoe 
215 comprises an aluminum down-jet guide shoe with a sealii^ sleeve for a 
latch-down phig available from Halliburton Energy Services in Dallas. TX, 
modified in accordance with the teachings of the present disclosure, in order to 
optimally guide the tubular member 210 in the weUbore, optimally provide an 
adequate seal between the interior and exterior diameters of the overiapping 
joint between the tubular members, and to optimally allow the complete drill 
out of the shoe and plug after the completion of the cementing and expansion 
operations. 

In a prefenred embodiment, the shoe 215 includes one or more through 
and side ouUet ports in fluidic communication with the fluid passage 240. In this 
manner, the shoe 215 optimally injects hardenable fluidic sealing material Into 
the region outside the shoe 215 and tubular member 210. In a preferred 
embodiment, the shoe 215 includes the fluid passage 240 having an inlet 
geometry that can receive a dart and/or a ball sealing member. In Uiis manner, 
the fluid passage 240 can be optimally sealed off by introducing a plug, dart 
and/or ball sealing elements into the fluid passage 230. 
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The lower cup seal 220 is coupled to and supported by the support member 
260.ThelowercupseaJ220pr«^utsforei«„„,^j^^^^^^y^^j^^^ 

reponofthetubu]armember210«Uacenttotheexpandablemar.dreI205 The 
lower cup seal 220 may comprise ^ number of conventional commemaUy 
5 av^able cup seals such as. for e»mple. TP cups, or SelecUve m ectlon Packer 

(SIP)cupsmcdiaedinaccord«>cwiththeteachingsoftheprese„tdisdosure In 
.p™f«Tedembodi»ent.th.l„«rc„p.eiU220comprises.SIPcupse.I.a^^^ 

Ih-rnHdhburtonEnergyServicesinDalla^lXinordertooptimallyblockforeign 
matenal and contain a body of hibricant 

"* 2B0 J^'™""**^''*"~"'^'<'»-'-P^"«»'^«'esupportmember 
260.The^^eupseal225p«ventsforeignma.erislsf^omenteringth.interi„r 
«g..n Of fl» tubular member 210. 1^ upper cup seal 225 may comprise any 

nu«b.r^^„ventionalcomme„iallyav.il.blecupse.lss„ch.s.forex«.p,e.W 
cups or SIP cups modified in sccordance with the teaching, of th. p«ent 
dasclosure. In a preferred embcKiimen, the u^ cup seal 226 comprises a SIP 
cup,avsd,blefromHalh^urtonEne^8er™«inD.l,.s.lXinorf. 
block the ento- of foreign materials and contain a body of lubricant 

l^e fhud passage 230 permits fluidic materials to be t^nsported to 

20 205 thud passage 230 is coupled to «Kl positioned within the support 
member 260 and the eiqandable mandrel 20? to n m » support 

«rfa»,d,(W>» '^"■■"alrelZOe. The fluid passage 230 preferably 

T^,^ tr 'o the bottom Of the e^ble 

-^206. •n»«.uidp,ssage230isprefer.b.ypositioned.,ong.c2rlineof 
the apparatus 200. ^-^^verune oi 

25 

TV Md passage 230 is preferably selecKd. i„ fte easing ^ ^t„^ „ 

n»^a,s s«h as dH,«„g ^ „ f^,„„ „„,^ „ „„„ ^^^^ 

to 9,000 psi) in order to minimize drag on the tubular mP,«K., k-- . 

on uie niDuiar member bemg run and to minimize surire 

eZr ""^ """"" - or nuids ^ 

30 ■ 

pass.ge'Solr^''''*'^'*^""''^'"'-"'^-^'*-'^'^ 
Pa-ge230. '»«-«««»er.duringpbcementoftheapparatus200withinthe 

/( 
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new section 130 of the weUbore 100. fluidic materials 255 forced up the fluid 
passage 230 can be released into the weDbore 100 above the tubular member 210 
therebyminimizingsurgepressuresonthewellboresectionl30. The fluid passage 
235 is coupled to and positioned within the support member 250. The fluid 
5 passage is further fluidicly coupled to the fluid passage 230. 

The fluid passage 235 preferably includes a control valve for controUably 
openingandclosingthefluidpassage235. In a preferred embodiment, the control 
valveispressureactivatedinordertocontrollablyminimizesurgepressures. The 

fluidpas8age235ispreferablypositioned8ubstantiaDy orthogonal to thecenterline 
10 of tiie apparatus 200. 

The fluid passage 235 is preferably selected to convey fluidic materials at flow 
rates and pressures ranging from about 0 to 11356.2355 litres/minute (0 to 3,000 
gallons/minute) and 0 to 620.52813 bar (0 to 9,000 psi) in order to reduce the drag on the 
apparatus 200 during insertion into the new section 130 of the wellbore 100 and to 
15 minimize surge pressures on the new wellbore section 130. 

The fluid passage 240 permits fluidic materials to be transported to and 
from the region exterior to the tubular member 210 and shoe 215. The fluid 
passage 240 is coupled to and positioned within the shoe 215 in fluidic 
commmucation with the interior region of the tubular member 210 below the 
20 expandable mandrel 205. The fluid passage 240 preferably has a cross-sectional 
shape thatpennitsaplug. or other similardevice. to be placed influid passage 240 
to thereby blockfturtherpassageoffluidicmaterials. In this manner, the interior 
region of the tubular member 210 below the expandable mandrel 205 can be 

«-'«<^yi~latedfi.>mtheregionexteriortothetubularmember210.Thispermits 

25 theinterior region of the tubular member210belowtheexpandablemandrel205 

to be pressurized. Tte fluid passage 240 is prefe«bly positioned substantiaUy 

along the centerline of the apparatus 200. 

The fluid passage 240 is preferably selected to convey materials such as 

cement, driUmg mud or epoxies at flow rates and pressures ranging from about 0 to 
30 1 1356.2355 litres/minute (0 to 3,000 gallonsAninute) and 0 to 620.52813 bar (0 to 9 000 

PS.) m order to optimally fill the annular region between the tubular member 210 and the 

news^tion BOofthe wellbore 100 with fluidic materials. In a preferred embodiment, 
the fluid passage 240 

-a- 
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includes an inlet geometry that can receive a dart and/or a ball sealing member. 
In this manner, the fluid passage 240 can be sealed off by introducing a plug, dart 
and/or ball sealing elements into the fluid passage 230. 

The seals 245 are coupled to and supported by an end portion 260 of the 
5 tubularmember210. The seals 246 are further positioned on an outer surface 265 
of the end portion 260 of the tubular member 210. The seals 246 permit the 
overlappingjoint between the end portion 270 of the casing 115 and the portion 
260 of the tubular member 210 to be fluididy sealed. The seals 245 may comprise 
any number of conventional commerciaUy available seals such as. for example 
10 lead, n.bber. Teflon'^, or epoxy seals modified in accordance with the teachings of 

the present disclosure. In a preferred embodiment, the seals 245 are molded from 
Stratalockepoxy available from Halliburton Energy Services in Dallas, TXinorder 
to optimaUy provide a load bearing interference fit between the end 260 of the 
tubular member 210 and the end 270 of the existing casing 115. 
16 In a preferred embodiment, the seals 245 are selected to optimally provide 
a sufficient frictional force to support the expanded tubular member 210 from the 
existmg casing 115. In a preferred embodiment, the frictional force optimally 
prov,dcd by the seals 245 ranges from about 68.94757 to 68.947.57 bar (I.OOG to 
1.000.000 Ibf) in onler to optimally support the expanded tubular member 210. 

20 '^«supportmember250i8coupledtotheexpandablemandrel205 tubular 

member 210. shoe 215. and seals 220 and 225. The support member 250 
preferably comprises an annular member having sufficient strength to cany the 
apparatus 200 into the new section 130 of the wellbore 100. In a preferred 

««^»>°d"«ent.thesupportmember260furtherincludesoneormoreconventional 
25 centralizers (not illustrated) to help stabilize the apparatus 200. 

In a preferred embodiment, a quantity of lubricant 275 is provided in the 
annular region above the expandable mandrel 205 within the interior of the 

tubularmember210.1nthismanner.theextrusionofthetubularmember210ofr 

0^*^^«P-dablemandreI205isfedUtated.Thelubricant275maycompriseany 
30 number of conventional commerciaUy available lubricants such as. for example. 
Lubriplate™. chlorine based lubricants, oil based lubricants or Climax 1 500 Antisieze 
(3100). In a preferred embodiment, the lubricant 276 comprises Chmax 1500 
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AnHsisze(31(H)).vailable(h.mCU™xLubricai,te^dE,«ipmmCo.i„Homto„ 
TX m order to optimally provide optimum lubrication to todliate the exp««ion 

process. 

loapreferred embodiment, thesupportmember 260 is thoroughly defied 
5 PnonoassemblytotheremainingportionsoftheapparatusaOO. I„thi»man„er 
the mtroducaon of foreign material into the app«Btas 200 is minimi^ This' 

minimizesthep«Bibilifrofforeignmaterialcloggingthewiou.flowpassagesand 
valves of the apparatus 200. 

In a preferred embodiment, before or aner positioning the apparatus 200 
10 within the new section 130 of the wellbore 100, . couple of wellbore volumes are 
cu-culated in order t. en«« that no foreign materials are located within the 
wellbon, 100 that might clog up the various How passages «.d valves of the 

appar««s200andtoem^thatnofo,«gnmateri.linte,*res„iththe„p.nsion 
process. 
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^^-^«tedinFig.3.thefluidpassage235isthendo8edandahardenable 
fluidic sealing nu^terial 305 is then pumped from a surikee location into the fluid 

Passage230. The material 305 then passes from the fluid passage 230 into the 
mteriorregion310ofthetubularmember210belowtheexpandablemandrel20^ 

f^^\7--^'^30«t^ene>dtstheappan.tus200andmisthe^^ 
315 between the exterior of the tubular member 210 and the interior wall of the 
new sectionlSO of the wellbore 100. Continued pumping of the material 305 
causes the material 305 to fiU up at least a portion of the annular region 315 
The material 305 is preferably pumped into the annular region 315 at pressures 

to 5.678.1 177 btres/mmute (0 to 1.500 gallons/min). respectively. n.e optimum flow 
rate and opemting pressures vary as a function of the casing and wellbore sizes, wellbore 
section length, available pumping equipment, and fluid properties of the fluidic material 
bcmg pumped. The optimum flow rate and operating pressure are preferably detemuned 
usmg conventional empirical methods. 

The haixlenable fluidic sealing material 305 may comprise any number of 
conventional commercially available hardenable fluidic sealing materials such as. 



for example, slag mix, cement or epoxy. In a preferred embodiment, the 
hardenable fluidic sealing material 305 comprises a blended cement prepared 
specifically for the particular well section being drilled from Halliburton Energy 
Services in Dallas, TX in order to provide optimal support for tubular member 210 

5 whUe also maintaining optimum flow characteristics so as to minimize difficulties 
during the displacement of cement in the annular region 315. The optimum blend 
of the blended cement is preferably determined using conventional empirical 
methods. 

The annular region 315 preferabfy is filled with the material 305 in 

10 sufficient quantities to ensure that, upon radial eipansionofthe tubular member 
210, the annular region 315 of the new section 130 of the wellbore 100 will be filled 
with material 305. 

In a particularly preferred embodiment, as illustrated in Fig. 3a, the wall 
thickness and/or the outer diameter of the tubular member 210 is reduced in the 
15 region a<«acent to the mandrel 205 in order optimaUy permit placement of the 
apparatus200inpo8itionsin the wellbore with tightdearances. Furthermore, in 
this manner, the mitiation of the radial expansion of the tubular member 210 
during the extrusion process is optimally facilitated. 

As iUustnted in Fig. 4, once the annular region 315 has been adequately 

20 ^medwithmateriaI305,aphig405,orother8imilardevice.isintroducedintothe 
fluid passage 240 thereby fluididy isolating the interior region 310 from the 
annularpegion316. In a preferred embodhnent, a non-hardenable fluidic material 
306 is then pumped into the interior region 310 causing the interior region to 
pressurize. In this manner, the interior ofthe expanded tubular member 210 will 

25 notcontainaignificantamountsofcuredmaterial305. This reduces and simplifies 
thecostoftheentireprocess. Alternatively, the material 305 may be used during 
this phase of the process. 

Once the interior region 3 10 becomes sufficiently pressurized, the tubular 
member210isextrudedoffofthe«cpandablemandrel205. During the extrusion 
process, the expandable mandrel 205 may beraised out of the expandedportion of 
the tubular member 210. In a preferred embodiment, during the extrusion 
process, the mandrel 205 is raised at approximately the same rate as the tubular 
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member 210 is expanded in order to keep the tubular member 210 stationary 
relative to the new wellbore section 130. In an alternative preferred embodiment, 
the extrusion process is commenced with the tubular member 210 positioned above 
the bottom of the new wellbore section 130, keeping the mandrel 205 stationary, 
5 and allowing the tubular member 210 to extrude ofiFof the mandrel 205 and fall 
down the new wellbore section 130 under the force of gravity. 

The plug 405 is preferably placed into the fluid passage 240 by introducing 
the phig 405 into the fluid passage 230 at a surface location in a conventional 
manner. The plug 405 preferably acts to fluidicly isolate the hardenable fluidic 
10 sealing material 305 from the non hardenable fluidic material 306. 

The plug 405 may comprise any number of conventional commerciaUy 

availabledevicesfrompIuggingafluidpassagesuchas,forexample,MultipleStage 
Cementer (MSG) latch-down plug, Omega latch-down plug or three-wiper latch- 
down plug modified in accordance with the teachings of the present disclosure. In 
15 a preferred embodiment, the plug 405 comprises a MSG latchniown plug available 
from Halliburton Energy Services in Dallas, TX. 

After placement of the plug 405 in the fluid passage 240, a non hardenable 

fluidicmaterial 306 ispreferablypumpedinto the interior region310atpres8ures 
and flow rates ranging, for example, from approximately 27.579028 to 689.4757 bar (400 

20 ^°.'«'«^P«)-dn3.5623to 15141.6473 Iitres/hunute(30to4.000gallo^^^^ In 
this manner, the amount of hardenable fluidic sealing material within the interior 310 of 

the tubular member 2 1 0 is minimized. In a preferred embodiment, aft^^ 

plug 405 ,n the fluid passage 240. the non hardenable material 306 is preferably pumped 

mto Ae interior region 3 1 0 at pressures and flow mtes ranging from approximately 

^& to 3.000 gallons/min) in order to maximize the extrusion speed. 

In a preferred embodiment, the apparatus 200 is adapted to minimize 
tensile, burst, and friction effects upon the tubular member 210 during the 
e^on process. These effects will be depend upon the geometay of ihe 
expansion mandrel 205. the material composition of the tubular member 210 and 

30 expansion mandrel 205, tiie inner diameter of the tubular member 210, the waU 
tiiickness of the tubular member 2 10. tiie type of lubricant, and the yield strength 
ofthetiibularmember2l0. In general, the thicker tiiewaU thickness, the smaller 
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the inner diameter, and the greater the yield strength of the tubular member 210, 
then the greater the operating pressures required to extrude the tubular member 
210 off of the mandrel 205. 

For typical tubular members 210, the extrusion of the tubular member 210 

5 off oftheexpandablemandrelwillbegin when thepressureoftheinteriorregion 
3 1 0 reaches, for example, approximately 34.472 to 620.528 bar (500 to 9.000 psi). 

During the extrusion process, the expandable mandrel 205 may be raised 
out of the expanded portion of the tubular member 210 at rates ranging, for 

example,fromabout0to6fVsec.Inapreferred embodiment, during theextrusion 
10 process, the expandable mandrel 205 is raised out of the expanded portion of the 
tubular member 210 at rates ranging fiom about 0 to 0.6096 m/s (0 to 2 ft/sec) in order to 
minimize the time required for the expansion process while also peraiitting easy control 
of the expansion process. 

When the end portion 260 of the tubular member 210 is extruded ofTof the 
15 expandable mandrel 205, the outer surface 265 of the end portion 260 of the 
tubular member 210 will preferably contact the interior suxfaoe 410 of the end 
portion 270 of the casing 116 to form an fluid tight overlapping joint. The contact 
pressure of the overlapping joint may range, for example, from approximately 3.447379 to 
1.278.9514 bar (50 to 20,000 psi). In a prcfeired embodiment, the contact pressure of the 
20 overlapping joint ranges from approximately 27.579028 to 689.4757 bar (400 to 10.000 psi) in 
order to provide optimum pressure to activate the annular sealing members 245 and optimally 
provide resistance to axial motion to accommodate typical tensile and compressive loads. 



Theoverlappingjointbetweenthesection410oftheexistingcasingll5and 
the section 265 of the expanded tubular member 210 preferably provides a gaseous 

25 «ndfluidicseaI.Inaparticularlypreferredembodiment,the8ealingmembers245 
optimally provide a fiuidic and gaseous seal in the overlapping joint. 

Inapreferred embodiment, the operatingpressure and flow rateof the non 

hardenablefluidicmaterial306iscontrollablyrampeddownwhentheexpandable 
mandrel 205 reaches the end portion 260 of the tubular member 210. In this 
30 rxmmer, the sudden release of pressure caused by the complete extrusion of the 
tubularmember210offoftheexpandablemandrel205can be minimized. Ina 
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preferred embodiment, the operating pressure is reduced in a substantiaUy linear 
fashion from 100% to about 10% during the end of the extrusion process beginning 
when the mandrel 205 is within about 1.524 m ( 5 feet) ftom completion of the extrusion 
process. 

5 Alternatively, or in combination, a shock absorber is provided in the support 

member 250 in order to absorb the shockM^Qby^hesudden release ofpressure. 
The shock absorber may comprise, for example, any conventional commercially 
available shock absorber adapted for use in weUbore operations. 

Alternatively, or in combination, a mandrel catching structure is provided 
10 in the end portion 260 of the tubular member 210 in order to catch or at least 
decelerate the mandrel 205. 

Once the extrusion process is completed, the expandable mandrel 205 is 
removed from the wellbore 100. In a preferred embodiment, either before or after 
the removal of the expandable mandrel 205, the integrity of the fluidic seal of the 
15 overlappingjoint between the upper portion 260 of the tubular member 210 and 
the lower portion 270 of the casing 115 is tested using conventional methods. 

If the fluidic seal of the overlappingjoint between the upper portion 260 of 
the tubular member210andthelowerportion270ofthecasmg 115 is satisfactory, 
thenanyuncmredportionofthematerial 305 within the expanded tubular member 
20 210isthenremovedinaconventionalmannersuchas,forexample,circulatingthe 
uncured material out of the interior of the expanded tubular member 210. The 
mandrel 205 is then pulled out of the wellbore section 130 and a drill bit or mill is 
used in combination with a conventional drilling assembly 505 to drill out any 
hardened material 305 within the tubular member 210. The material 305 within 
25 the annular region 315 is then aUowed to cure. 

As illustrated in Fig. 5, preferably any remaining cured material 305 within 
the interior of the expanded tubular member 210 is then removed in a 
conventional manner using a conventional drill string 605. The resulting new 
section of casing 510 includes the expanded tubular member 210 and an outer 
30 annularlayer515ofcuredmaterial305. The bottom portion ofthe apparatus 200 
comprismg the shoe 216 and dart 405 may then be removed 1^ drilling out the 
shoe 215 and dart 406 using conventional drilling methods. 
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^ As illustrated in Fig. 6, the upper portion 260 of the ttibul&r me'mfcl^r 210 

includes one or more sealing members 605 and one or more pressure relief 
holes 610. In this manner, the overlapping joint between the lower portion 270 
of the casing 1 15 and the upper portion 260 of the tubular member 210 is 
pressure-tight and the pressure on the Interior and exterior surfaces of the 
tubular member 210 is equalized during the extmsion process. 

The sealing members 605 are sealed within recesses 615 formed in the 
outer surface 265 of the upper portion 260 of the tubular member 210. In an 
alternative prefewed embodiment, the sealing members 605 are bonded or 
molded onto the outer surface 265 of the upper portion 260 of the tubular 
member 210. The pressure relief holes 61 0 are preferably positioned in Oie last 
few feet of ttie tubular member 210. The pressure relief holes reduce the 
operating pressures required to expand tiie upper portion 260 of tfie tubular 
member 210. This reduction in required operating pressure in turn reduces the 
velocity of ttie mandrel 205 upon the completion of ttie extmsion process. This 
reduction in velocity in tum minimizes ttie mechanical shock to tiie entire 
apparatus 200 upon the completion of ttie exbnsion process. 

Refening now to Fig. 7, a particularly prefen-ed embodiment of an 
apparatus 700 for fomilng a casing wittiin a wellbore preferably includes an 
expandable mandrel or pig 705, an expandable mandrel or pig container 710, a 
tubular member 71 5, a float shoe 720, a lower cup seal 725. an upper cup se^ 
730, a fluid passage 735, a fluid passage 740, a support member 745, a body of 
lubricant 750, an overshot connection 755, anoUier support member 760, and a 
stabilizer 765. 

The expandable mandrel 705 is coupled to and supported by ttie support 
member 745. The expandable mandrel 705 is furtfier coupled to ttie expandable 
mandrel container 710. The expandable mandrel 705 is preferably adapted to 
controllably expand in a radial direction. The expandable mandrel 705 may 
comprise any number of conventional commercially available expandable 
mandrels modified in accordance witti ttie teachings of ttie present disclosure. 
In a preferred embodiment, ttie expandable mandrel 705 comprises a hydraulic 
expansion tool substantially as disclosed In U.S. Pat No. 5.348,095. the contents 
of v^ichare 



1^ 



incorporated herein by reference, modified in accordance with the teachings of the 
present disclosure. 

The expandable mandrel container 710 is coupled to and supported by the 
support member 745. The expandable mandrel container 710 is further coupled 
5 to the e^qMoidable mandrel 705. The expandable mandrd container 710 may be 
constructed from aay number of conventional commndally available wiat -A rif tl p 
such as, for example, Oilfield Country Tubular Goods, stainless steel, titanium or 
high strength steels. In a preferred embodiment, the expandable mandrel 
container 710 is fabricated firom material having a greater strength than the 

10 material from which the tubular member 715 is &bricated. In this manner, the 
container 710 can be fabricated fitim a tubular material having a thinner wall 
thickness than the tubular member 210. This permits the container 710 to pass 
through tight clearances thereby facilitating its placement within the wellbore. 
In a preferred embodiment, once the expansion process b^ins, and the 

15 thicker, lower strength material of the tubular member 715 is expanded, the 
outside diameter of the tubular member 715 is greater than the outside diameter 
of the container 710. 

The tubular membo: 715 is coupled to and suiqmrted by the eaqumdable 
mandrel 705. The tubular member 715 is preferabty expanded in the radial 

20 direction and extruded off of the expandable mandrel 705 substantially as 
described above with reference to Figs. 1-6. The tubular member 715 may be 
fabricated from any number of materials such as, for example. Oilfield Covmtiy 
Tubular Goods (OCTG), automotive grade steel or plastics. In a preferred 
embodiment, the tubular member 715 is fabricated from OCTG. 

25 In a preferred embodiment, the tubular member 715 has a substantially 

annular cross-section. In a particularly preferred embodiment, the tubular 
member 715 has a substantially circular wTiTuiigT cross-section. 

The tubular member 715 preferably inchides an upper section 805, an 
intermediate section 810, and a lower section 815. The upper section 805 of the 

30 tubular member 715 preferably is defined by the region beginning in the vicinity 
of the mandrel container 710 and ending with the top section 820 of the tubular 
member 715. The intermediate section 810 of the tubular member 715 is 
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preferably defined by the region beginning in the vicinity of the top of the mandrel 
container 710 and ending with the region in the vicinity of the mandrel 705 The 
lower section of the tubular member 715 is preferably defmed by the region 
begmning in the vicinity of the mandrel 705 and ending at the bottom 825 of ti^e 
5 tubular member 715. 

In a preferred embodiment, the wall thidmess of the upper section 805 of 
the tubular member 716 is g«ater than the waU tlucknesses of the intermediate 
and lower sections 810 and 816 of the tubular member 715 in order to optimally 
^-^tetheinitiationoftheextrusionprocess^^ 
10 700 to be positioned in locations in the wellbore having tight clearances 

^^<>'«-*-«"»d wall tluckncss of the upper section 805 of the t^^^^^ . 

715 may range, for example, from about 2 667 to 121 92 cn,.n A., .o . 

5 08cmsn/8t«7 u . *° 1.92 cms (1.05 to 48 inches) and 0.3175 to 

5.08 cms (1/8 u, 2 mches). respectively, m a prefened embodiment, the outer diameter and wall 

th.cknessoftheuppersection805ofthetubularmember7l5ran..fr k » 

n<t«i< - u V "5 range from about 8.89 to 40.64 cms 

(3.5 to 16 mches) and 0.375 to 3.81 cms (3/8 to 1.5 inches), respectively 

11. outer dia^^^andwallthlclc^ssof the intcnn^^ 
™y^sc for example, .om.bout6.35 to 127 cn» (2.5 to SO inc^).^0.,5^ 

~esec..o„8,Oorthe.ub„U,me„*er715„n,e^^ 

and 0.3.75 to 3.175 cms (,/8 to 1.25 inches), ^spectivcly. ^ 

715 T *^ °f «he tubular member 

715 may range, for example from about 6.35 to 127 cms ^2 5 to so- i. . . „ """"ber 
cms nna ^« u x ^ ""'^ 0-'5875 to 3.175 

(t^tT, t r "° "^-^ '-^ -"ic ^ „ 

(3-5 10 19 mches) and 0.3175 lo 3.175 cms ■. , -.""cm! 

example, aluminium are used, 

^o««l „«ken«s.™>dia«l,„c«ch or slow down ^.e^andrd 705 »he„i, 
3^ co™p,.,„a»«^i^„f„^^„^^,,^ hapr=fe„«,«„bod,„,««.U„ 
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TI,..l, ,o„- 20.000 fea) in toah 

The shoe 720 « coupled to the e;^dable a>andrel 705 and I 
5 .e^her 7:5. The .hoe 720 includes the fluid passage 740 t . ^1 
e»hodi.en,theshoe72„«^i^ude.,niu,.tZ^2j::r™' 

-"p-cui...xp»<^en*cai»:.rci.:^rz: 

of the inlet passaire 830 io o^io.^^.^ 4. . snape 

elements fcTTT ^ ^ *^ " """er siunhu 

elements, for blockiiig the inlet Dassan «<>n m,. • . • 

comprises almninum. matenal 840 

Ace wth a seahng sleeve for a latch down plug n„,difled h. .cc.,d«.ce^^ 
'Mchmgs of the present disclosure I„ o _ /■ ^ with the 

~, '■usciosure. a preferred embodiment the aho. 7«n 

compn.esanaluminumdown-jetguid.ah„ewithasealingal«,v,fo:!iri 
pIuB avallshu ti „ i """"^""eveloralatch-down 
pug available fron, Halhburton Energy Services in Dallas TX. ™~).r^ • 
accordance with the teachings of the di»s«„ h- , " 
20 ^g the tubular member Lit ^ " ""^ """^ 

tubularmember 7.5^^ ^""^ 

r*eshoe720bydrUhng.toat.flercompletionofthee«rusionpr»cess 

^o^jrZ-tf"*"'"™'^'"™^^ 
» "g^ofth.tuZ.llTrT"'"'"'"'"™""-^*''--^' 

■^-l^accordance ilXo^rZ^r '"^^ 
embodiment, the lower cup seal J'f"^^""^- m.p-eferred 

30 Hallibur^nEne,gyServi^;TJs\ rrj: 
barr^andholdabodyofluC? 



r 

7eo.Theuppercupseal730preve„tsf„reig„^.erMsfro».e,,termgthetaterior 
region of the tubuiar .ember 716. 1*. upper cap seal 730 n>ay comprise mw 

»™l«-»f<»"'ena„„alcommerd.JJy.vdlabtecupsedssuch„,forexample TP 
5 cups or Selective mjecti™ Packer (SIP) cup m«iifled i„ .ccord<mce »ith 'the 

^^ofth.p««.tdi.el..u«. In.p«te«.embodiment,tbeuppercupsea, 

730»mpr«..SIPcup.™il,bleih,mH.mburtoaEue,^Servicesi„DaIl„ TK 

m order to opamelly p„„M, . debris barter and contain e body oflubricant 

10 ft^ntZ^,""" ^ """^ '^'^ to and 

10^ma^mte™r,eg.«,ofthetubuiarmember715be.owtbee^dabiem.nd^ 
706. ^fl«Kip«sage736isfluidic.y™p,edtothenuidpass.ge740. mOuid 
P-^ 736 is preferably coupled to ^ positioned within ^ support member 
760 the support member 7«, the mandrel container 710, ^ the e:^te 
«06. ^enu,Vip.ssa«e736prefer.h^e=^^„.^^„^ 

16 '"ae-f-tothebot.omofthee.pandabtem^ulrenos.n.efluidp.ssa^TSS 
«preferablyposi«onedalongacentera„eoftheappa„i.ua700.1^fl^^ 

^.spreferablyselect*. to transponmaterialssuchas cement. drillingm3 

s...o.,^»„, u.n „ «o «.,3 (500 ^ „ ^ 

20 »'«™J««»lubU«,»»rt», 715 off.fd««p^bte,»,^ 705. 

As described above with reference b. i o j ■ 

naeience to rigs. 1^, durmg placement of [h» 

fl«-P«ssge736canbereteasedi„totheweabo„abovethetubu,armemJm 
'"•'-«»-*-bodiment,«.eapparatus70Oiurtheri^^^^ 

-3 ""•'^-P'e.i-end^tioned Within the support melber 260^ 

press«re«leasepassa^isft,rther,Wdiclyc.u,ledtothefluidp.ss.ge736 The 
pressure „,ease passage p^erab^y inchuU. a control valveTTni^i 
.P^nmg and Cosing the fluid passage. In . p^.^ embodiment. tbetZ 
''---P'=--activ.tedinoMertocon.r.n.blymini„i„,urgep™^ 

I^t^l P— ^tease passage is p.fa«bly 

selected to conv^ materials such as cement rfriiu«„ j 

8ucn as cement, dnlUng mud or epoxies at flow rates 

^3 
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and pressures ranging from about 0 to 1892.7059 litrcs/minute (0 to 500 gallons/minute) and 0 to 68.94757 
bar (0 to 1 .000 psi) in order to reduce the drag on the apparatus 700 during insertion into a new section of a 
wellbore and to mininiize surge pressures on the new wellbore section. 

The Huid passage 740 permits fluidic materials to be transported to and 
5 from the region exterior to the tubular member 715. The fluid passage 740 is 
preferably coupled to and positioned within the shoe 720 in fluidic communication 
with the interior region of the tubular member 715 below the expandable mandrel 
706. The fluid passage 740 preferably has a cross-sectional shape that permits a 
plug, or other similar device, to be placed in the inlet 830 of the fluid passage 740 
10 to thereby block fturther passage of fluidic materials. In this manner, the interior 
region of the tubular member 715 below the expandable mandrel 706 can be 
optimally fluididy isolated from the region exterior to the tubular member 716. 
This permits the interior region of the tubular member 715 below the expandable 
mandrel 205 to be pressurized. 
15 The fluid passage 740 is preferably positioned substantially along the 

centerline of the apparatus 700. The fluid passage 740 is preferably selected to 
conv^ materials such as cement, drilling mud or eposes at flow rates and 
pressures ranging from about 0 to 11 356.2355 litres/minute (0 to 3.000 gallons/minute) 
and 0 to 620.5281 3 bar (0 to 9,000 psi) in older to optimally fill an annular region 
20 between the tubular member 715 and a new section of a wellbore with fluidic materials. 
In a preferred embodiment, the fluid passage 740 includes an inlet passage 830 having a 
geometry that can receive a dart and/or a ball sealing member. In this manner, the fluid 
passage 240 can be sealed off by introducing a plug, dart and/or ball sealing elements 
into the fliud passage 230. 

25 ^«»apreferredembodiment.theapparatu8700furtherincludesoneormore 
seals 845 coupled to and supported by the end portion 820 of the tiibular member 
715. The seals 845 are further positioned on an outer sur&oe of the end portion 
820 of the tubular member 715. The seals 845 permit the overlapping joint 
between an end portion of preexisting casing and tiie end portion 820 of the 

30 tubular member 715 to be fluidicty sealed. The seals 845 may comprise any 
number of conventional commercially avaflable seals such as, for example, lead, 
rubber. Teflon™, or epoxy seals modified in accordance with the teachings of the 
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present disclosure. In a preferred embodiment, the seals 845 comprise seals 
molded from StrataLock epoxy available from Halliburton Energy Services in 
Dallas. TX in order to optimaUy provide a hydraulic seal and a load bearing 
interference fit in the overlapping joint between the tubular member 716 and an 

6 ^-^ingcasingwithoptimalloadbearingcapacitytosupportthetubularmember 
715. 

I"«P'«f»™<>™Mi»»nt,these.l.84Sa«sdectedtoprovid..«rf^^^^ 
tnct^B^ force to ,app«rt the e^ed tabuhr member 716 from the existing 

csmg. I»«l»«fe™iemhodiment.tl.eiHcUonalf.rcepr„,idedbytheseals84S 
10 m,g« imm *oel 68.<M757 to 68.947.57 bar (I.OOO to 1.000. 000 Ibf) in „rf„ u, 
optunallyaippon the expanded tubular member 715. 

'f^™PP»« ■"ember 745 ieprefernbly coupled to the expendable mmutol 
705 «rf the o«„hot com>ection 765. The support member 745 preferably 

"^^"'-"^-mberhavmgsuffldentatrengthtoc.x.ytheap^ 
700mtoanewsection„f.„eUbore. The support m«nber 745 may compriae^v 
mmrher of convenaonal oommerdaiiy .«ibbl. »pport member, such a. for 
example, sl^el drUl pipe, coiled tubiugorother high strength tubular modifl^ to 
accorto>ce with the teachtoga of the present disdoau™. In . 

;-»*«taent.th.supportmemb.r746„mprt.e.conventionaldriIlpipeavai^^^ 
20 from vanooaateel mills in the United States. 

I" " preferr*! embodtoient, a body of lubric«.t 750 is provided m the 
««.«l«r.gionab.vetheexp.«dabIem«Ki.e.c.nt.lner7W 
thetabul.rmember716. Inthiamanner.theextr„sio„ofthetubuiarmember715 
e'rofthee.p.ndablema„d.el705iaf.ciHtated. Tlte lubricm^t 705 may comprise 
any nmnber of conventional commercially available lubricants such aa for 
««.p.e UbHplate. chlorine based lubricants, oi, based lubricnta. or dto^x 

am- 1«0 Antisle^e (3100, availabte from Halliburton Energy Servil to 
30 :r"' '"""""'^'""^'^--------^ 

J'«<™e«hotconnection765iacoupledtothesupportmember745«rithe 
supportmember760. ^ove.3hotconne.tion755preferabiypermitathesupport 

2S- 



( 

member 745 to be removably coupled to the support member 760. The overshot 

comiection 755 may comprise anynmnber of conventionalcommercially available 
overshot comiections such as, for example. Innerstring Sealing Adapter 

Imierstring Flat-Face Sealing Ad^ter or EZDriU Setting Tool Stinger In a 
5 preferred embodiment, the overshot com^ection 755 comprises a Innerstring 
Adapter with an Upper Guide available from Halliburton Energy Services in 
Dallas, TX. 

1T» auwort nK»nl« 760 i. preferabbr coupled to the .vershot 
755 aid. .urftce support struct™™ tot illustrated). The support meu>ber 760 
10 l«*^"»s™esanammlarm«nl»l,a™«eufficieutstre^ 

apparatus 700 iBl. a new section of a wellbore. n» support n,einher 760 n^ 
con.pr« any number of o»yention.l commerciaDy available support member, 

»uch.s,fi,re«a.ph.,b»ldrillpipe. coiled tubingorother high strength tubular. 

-"faedmaccordancewiththeteachingBofthepresentdi^dosure. In.p,ef„,«, 

16 ;™»<^nt.thesupportmember760coo,™«acon«ationMd.iap4^ 
from steel mills in the United States. 

The st.bili.er 765 is preferably c«.pled to the «,pport m«nb.r 760. 
sUbd^er 765 also pref^ably stabilize, the component, of the app.«.tu. 700 
mthm tubular m«U»r 716. ll" rt-ffli»r 766 preferably compriae, a 
20 sphencl member having „ outside diamrte, that i. .b«.t 80 to 99% of the 
-^di^ rf the tubular member 716 In order to optimaUy mininuze 
b«cHmgofthetubuh.member715. "H* stabiliser 766 m^ comprise any number 
^«^onal commerdally available stabilize™ such as. for ezample. EZ DriU 

^'^P-kerahoe.ordr.gblccksmodifiedin.ccordancewiththete.cbings 
26 •^'^P««ntdisclosure.Inap«fer.edembodiment,tbestabiIizer765c«npZ 
^-^-.P.« upper guide available ftom Halhburton 

In a prefer^d embodiment, the support member. 745 and 760 a» 

30 7^7l'^'''^"'°"^'^'°'^»«-^P<^ofthe.ppar*„ 
700. Inth^manner.theintroductionof,breignm^ 

^mmmuzei ™> "--.i-ize. t.„ po..i,ia,y foreign material clogging the 
var»u.flowp««g,sandval»esofthei,W.nrtus700. 
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In a preferred embodiment, before or alter positioning the apparatus 700 
within a new section of a wellbore, a coiq>le of wellbore volumes are circulated 
through the various flow passages of the apparatus 700 in order to ensure that no 
foreign materials are located within the wellbore that might clog up the various 
5 flow passages and valves of the apparatus 700 and to ensure that no foreign 
material interferes with the expansion mandrel 705 during the expansion procesa 
In a preferred embodiment, the apparatus 700 is operated substantially as 
described above with reference to Pigs. 1-7 to form a new section of casing within 
a wellbore. 

10 AsillustratedinFig.8,inanaltemativBpreferTedembodiment,themethod 
and apparatus described herein is used to repair an existing wellbore casing 805 
by forming a tubular liner 810 inside of the existing wellbore casing 805. In a 
preferred embodiment, an outer annular lining of cement is not provided in the 
repaired section. In the alternative preferred embodiment, any number of fluidic 

15 materials can be used to expand the tubular liner 810 into intimate contact with 
the damaged section of tiie wellbore casing such as, for example, cement, epoxy, 
slag mix, or drilling mud. In the alternative preferred embodiment, sealing 
members 815 are preferably provided at both ends of the tubular member in order 
to optimally provide a fluidic seal. In an alternative preferred embodiment, the 

20 tubularliner810i8formedwiaiinahorizontallypositionedpipelinesection,^ch 
as thoseused to transport Igrdrocarbona or water, with the tubular liner 810 placed 
inanoverlappingrelationshipwiththeacbacentpipelinesection. Intiiismanner, 
underground pipelines can be repaired witixout having to dig out and replace the 
damaged sections. 

25 In anotiier alternative preferred embodiment, tiie metiiod and apparatus 

described herein is used to directiy line a wellbore with a tubular liner 810. Ina 
preferred embodiment, an outer annular lining of cement is not provided between 
thetubularliner810andthewellbore. In the alternative preferred embodiment, 
any number of fluidic materials can be used to expand the tubular liner 810 into 

30 intimatecontactwitiiti,ewellboresuchas.forexample,cement,epo3gr,slagmix, 
or drillixig mud. 
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Referring now u, Kgs. 9. 9., 9b „d 9e, . p^,,^ embodiment of „ 
"ppamtas 900 fer forming a wellhnr. ■^omentofm 
n.ember9«2,.supportmemberrr ! " ''^'^ '"^"^ 

5 «d shoe 908 t ^ construction of the mandrel 906 

manner the aa«mb,y 900 can be easil, ,«n.ved *om a weUbore ulT 
conventional drilling aoDaratu. .-h wimib usmg a 

=ruung apparatus and con^spondingdriilingmethods. 

-,.n:3atr::cr~'^"""''"""---» 
.0 apparatu39oo.thet:r:^9^trr:r"- ^—"-"-^ 

gofiiw™. •• ^^''^''P'**^b'«hT«ledoffofthemandrel 
906 by pres^rumg an interior region 966 of the tubular member 907*^ 

tubul„mem^r902p^erab,.haaas„hstantiali.^^ ^ 

=:r9::rsZ:;n"---^-^^ 

902. -n^tubutarmel^^/t, r^'^"'^"''^*^-"-^ 

^ter than the .JZLZT^ 
OA """"^'''''wMmlar member 902. 

The tubular member 91S may he , 

conventional commercially available It^iT^^^ 

tubul.r.,Wall,^steels.titaniumor.t.in^r^ ^ 

the tubular member 915 i., K^^^ I" »P«ferred embodiment. 

pre«deappr.2il"r"""t '"'^ "Ptimally 

^ •»aparZ^;2^rr"^™--*-'''^»ember902 

'^"*'*"''^'»'~'"°«n*« coupled ffld toeiKL 

-™seai.th.e^:::~«--^«n^^ 



In a preferred embodiment, the combined length of the tubulcur mfe'mbefs ' 
902 and 915 are limited to minimize the possibility of budding. For typical tubular 
member materials, the combined length of the tubular members 902 and 915 are 
limited to between about 12.192 to 6,096m (40 to 20,000 feet) in length. 

The lower portion 914 of the tubular member 902 is preferably coupled to 
the shoe 908 by a threaded connection 968. The Intermediate portion 91 2 of the 
tubular member 902 preferably is placed in intimate sliding contact with the 
mandrel 906. 

The tubular member 902 may be fabricated from any number of 
convenOonal commercially available materials such as, for example, oilfield 
tubulars, low alloy steels, titanium or stainless steels. In a preferred 
embodiment, the tubular member 902 is fabricated from oilfield tubulars in order 
to optimally provide approximately the same mechanical properties as the 
tubular member 915. In a particularly preferred embodiment, the tubular 
member 902 has a plastic yield point ranging from about 275.9028 to 9307.92195 
bar (40,000 to 135,000) psi in order to optimally provide approximately tiie same 
yield properties as tiie tubular member 91 5. 

The wall tfiickness of ttie upper, intermediate, and lower portions, 910, 912 
and 914 of Uie tubular member 902 may range, for example, from about 0.625 
to 3.81 cms (1/16 to 1.5 inches). In a prefenred embodiment, the wall tiiickness 
of Uie upper, intermediate, and lower portions, 910, 912 and 914 of Uie tubular 
member 902 range from about 0.3175 to 3.175 cms (1/8 to 1.25 inches) in order to 
optimally provide wall ttiickness Uiat are about the same as tiie tubular member 
915. In a prefenred embodiment, the waU ttiickness of ttie lower portion 914 is 
less ttian or equal to ttie wall ttiickness of ttie upper portion 9 1 0 in order to 
optimally provide a geometry ttiat wiU fit into tight clearances downhole. 

The outer diameter of ttie upper, intermediate, and lower portions, 910, 
912 and 9I4of ttie tubular member 902 may range, for example, from about 2.667 
to 121.92 cms (1.05 to 48 inches). In a preferred embodiment, ttie outer 
diameter of ttie upper, intermediate, and lower porttons. 910, 912 and 914 of ttie 
tubular member 902 range from about 8.89 to 48.26 cms (3 V4 to 19 inches) in 
order to optimally provide ttie ability to expand ttie most commonly used oilfiek] 
tubii^. 

2«T 
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The length of the tubular member 902 is preferably limited to between about 
0.6096 to 1 .524 m (2 to 5 feet) in order to optimally provide enough length to contain the 
mandrel 906 and a body of lubricant. 

Tie tubular member 902 may «^ ^ conventtomU 

5 "--alIyav.iua,la.ubul«.membersm<KiffleSmacc«^ 

of the present diadosu^. In a preferred embodiment, the ftd^ member 902 
««»p™e.OiMeMCo„.to,l^Go^ 

avadabte tubuhr member, modified in accordance ^th the teachings of the 

CWlWd Comitor Tubule- Goods available from various US. steel mills 

'^«™*><»el«nentsofthetubularmember902m«rbecoupWu.ing.ny 
number of conventional process such as, for e^mple. threaded connections, 

16 etrT! ".T: °" " ^ various 

member 902maycomp.^.p^^^^^^^^^^^ _^^ 

X "T"""^ as. for e^nnple. threaded connec^ons 

weldmg or machmed from one piece, m a preferred emb«hmen., the various 

rlllr""1"''''^*^°'*^'"'^'--P'=-^-dto 

m..l,- ^ , "Wh ■». fcr example, threaded comiections, welding or 

■OMlMMd from one piece. '•amg or 

» .^'^""■'"""^'O^P-ferablyincludesaninneratringadapterMS 
aflu„.passage9I8,anupperguide020.and.coupUng922.I>„.iiop^.J^ 

«»apparatus900.thesupportmember904preferab,yaupportstheiZr;o 

904 preferably has a substantialb, ammlar cress-secaon 

» 11.0 support member 904 may be fabricated ftmn any number of 

convention.1 commercially available materials such , 

'<*<^ low alloy steel coiled ' ^ "i^^W 
auoy steel. coUed tubmg or stainless steel. In a preferred 



30 



r 

embodiment, the support member 904 is fabricated from low alloy steel in order 
to optimally provide high yield strength. 

The innerstring adaptor 916 preferably is coupled to and supported by a 
conventional drill string support from a surface location. The innerstring adaptor 
5 916 may be coupled to a conventional drill string support 971 by a threaded 
connection 970. 

The fluid passage 9 1 8 is preferably used to convey fluids and other materials 
to and from the apparatus 900. In a preferred embodhnent, the fluid passage 918 
is fluididy coupled to the fluid passage 952. In a preferred embodiment, the fluid 
10 passage 918 is used to convey hardenable fluidic seahng materials to and from the 
apparatus 900. In a particularly preferred embodiment, the fluid passage 918 may 
inchide one or more pressure reUef passages (not illustrated) to release fluid 
pressure during positioning of the apparatus 900 within a wellbore. In a preferred 
embodiment, the fluid passage 918 is positioned along a longitudinal centerline of 
15 the apparatus 900. In a preferred embodiment, the fluid passage 918 is selected 
to permit the conveyance of hardenable fluidic materials at operating pressures 
ranging from about 0 to 620.52813 bar (0 to 9,000 psi). 

The upper guide 920 is coupled to an upper portion of the support member 
904. The upper guide 920 preferably is adapted to center the support member 904 
20 within the tubular member 915. The upper guide 920 may comprise any number 
of conventional guide members modified in accordance with the teachings of the 
present disclosure. In a preferred embodiment, the upper guide 920 comprises an 

hmerstringadapter available from Halliburton Energy Services in Dallas, TXonier 
to optimally guide the apparatus 900 within the tubular member 915. 

25 The coupling 922 couples the support member 904 to the mandrel 906. The 

coupling 922 preferably comprises a conventional threaded connecUon. 

The various elements ofthe support member 904 may be coupled using any 
number of conventional processes such as, for example, welding, threaded 

connections or machined from one piece. In a preferred embodiment, the various 
30 elements of the support member 904 are coupled using threaded connections. 

The mandrel 906 preferably includes a retainer 924, a rubber cup 926, an 
expansion cone 928.atower cone retainer 930,abody of cement 932,alower guide 
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934, an extension sleeve 936, a spacer 938. a housing 940. a sealing sleeve 942 an 
upper cone retainer 944 . a lubricator mandrel 946, a lubricator sleeve 948. a guide 
950, and a fluid passage 952. 

The retainer 924 is coupled to the lubricator mandrel 946, lubricator sleeve 
5 948. and the rubber cup 926. The retainer 924 couples the rubber cup 926 to the 
lubricator sleeve 948. The retainer 924 preferably has a substantially annular 
cross-section. The retainer 924 may comprise any number of conventional 
commerdaDy available ^tainers such as. for example, slotted spring pins or roll 
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■n» rubber cup 926 is to tbe refadner 924, the lubricator mandrel 

946, Mri the hibricator sleeve 948. The rubber cup 926 prevents the entry of 

forew.m.terialsintotheinterioriegion972of the tubularmember 902 below the 
rubber cup 926. Tbe rubber cup 926 may comprise any number of conventional 
commercially available rubber cups such as. for example, TP cups or Selective 
15 Injection Packer (SIP) cup. In a prefened embodiment, the rubber cup 926 
comprises a SIP cup available from Halliburton Energy Service, m Dallas, TX in 
order to optunaUy block foreign materials. 

In a particularly preferred embodiment, a body of tabricant is itarther 
'^-<'«itotheinteriorregion972ofthetubularmember9D2m„rdertotabri«rte 
20 tt'^t-fl-e between the exterior .urfi« of the mandrel 902 «,d the interior 
surikce of tbe tububu. members 902 «.d 915. The tabriamt may comprise miy 
number of conventional c^nmerdally available lubricants such as, for example 
Lubnplae .cUoHne based lubricants, oil based labncsnts or aimax 1 500 AoSseize 

25 r'Z!" '"^^^'^"'''^'•^'"■"Pri-ClimaxlSOOAntiseixe 
25 (3100) a«ulable torn Climax Lubricants and Equipment C^. in Houaton, K in 
order to optimally provide lubrication to faciliate the extrusion process 

'n»«^oncone928iscoupledtotheloweroone,et.faer930,thebody 
ofcement932,tbelowerguide934.theexten«onsl.eve9S6.th.hou.ing940,and 
theupperconere.«ner944. ^ a p«f,™, embodiment, during .potion of the 
30 apparatus 900. the tubular member. 902 «^ 915 are .«rud«, off of the outer 
^aceoftheexpan*„cone928. b a prefe«d embodhnent. «dM movement 
oftheexpan.ion..ne928isprevenledlvth.lowerco,„r.t.iner930.housing940 
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and the upper cone retainer 944. Inner radial movement of the expansion cone 
928 is prevented by the body of cement 932. the housing 940, and the upper cone 
retainer 944. 

Theexpansion cone 928preferablyhasasubstantiaUy annular cross section. 
5 The outside diameter of the expansion cone 928 is preferably tapered to provide 
a cone shape. The wall thickness of the expansion cone 928 may range, for 
example, from about 0.3 175 to 7.62 cms (0. 125 to 3 inches). In a prefened embodiment, the waU thiclLess 
of the expansion cone 928 nmges from about 0.635 to 1 .905 cms (0.25 to 0.75 inches) in order to optimally 
provide adequate compressive strength with minimal material. The maximum and minimum outside 
diameters of the expansion cone 928 may rai^e. for example, from about 2.54 to 119.38 cms (1 to 47 
inches). In a preferred embodiment, the maximum and minimum outside diameters of the expansion cone 
928 range from about 8.89 to 48.26 cms (3.5 to 19 mches) in order to optimally provide expansion of 
gcncralJy available oilfield tubulars. 

The expansion cone928 may be fabricated from anynumberofconventional 
15 conmierciaUyavailablemateriabsuchas.forexample,ceramic.toolsteel.titam 
or lowalloy steel. Inapreferred embodiment, theexpansion cone 928 isfabricated 
from toolsteel in order to optimally providehi^strengthand abrasion resistance. 
The surface hardness of theoutersurfaceoftheexpansion cone 928 may rangB,for 
example, from about 60 Rockwell C to 70 Rockwell C. Inapreferred embodiment 
20 the surface hardness of the outer surface of the expansion cone 928 ranges from 
about 58 Rockwell C to 62 RockweU C in order to optimally provide high yield 
strength. In a preferred embodiment, the expansion cone 928 is heat treated to 
optimally provide a hard outer surface and a resilient interior body in order to 
optmiaUy provide abrasion resistance and fracture toughness. 
25 The lower cone retainer 930 is coupled to the expansion cone 928 and the 

housing 940. ma preferred embodiment, axial movement ofthe expansion cone 
928 is prevented by the lower cone retainer 930. Preferably, the lower cone 
retainer 930 has a substantially annular cross-section. 

The lower cone retainer 930 may be fabricated from any number of 
30 ~nventionalcommerciallyavailablematerialssuchas.forexample.ceramic.tool 
Steel, titanium or low alloy Steel. In a preferred embodunent. the lower cone 
retainer 930 is fabricated from tool steel in order to optimally provide high 
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strengthandabrasionresistance. The surface hardness ofthe outer surface of the 
lower cone retainer 930 may range, for example, from about 50 Rockwell C to 70 
RockwellC. Inapreferxed embodiment. thesurfacehardnessoftheoutersurface 
of the lower cone retainer 930 ranges from about 58 Rockwell C to 62 Rockwell C 

5 iiioniertooptimaUyprovideWghyieldstrengtklnapreferredembodiment^ 
lower cone retainer 930 is heat treated to optmially provide a hard outer surface 
and a resilient interior body in order to optfanally provide abrasion resistance and 
fracture toughness. 

In apreferred embodiment, the lower cone retainer 930 and the expansion 
10 «>ne928arefoimedasanintegralone-pieceelementmorderreducethenumber 
of components and increase the overaD strength of the apparatus. The outer 
surfece of the lower cone retainer 930 preferably mates with the inner surfaces of 
the tubular members 902 and 915. 

Thebody of cement 932 is positioned within the interiorofthemandrel 906. 
15 Thebodyofcement932providesanmnerbearingstructureforthemandrel906. 
Thebody of cement 932further may be easUydrilledoutusingaconventionaldrill 

device. In this manner, the mandrel 906 may be easily removed using a 

conventional drilling device. 

The body of cement 932 may comprise any number of conventional 
20 '^nmierciaDyavailablecementcompounds.Alternatively.ahiminum.castiro^ 
someotherdrillablemetallic.composite.oraggregatematerialmaybesubstituted 

forcement. The body ofcement 932 preferably has a substantially annular cross- 
section. 

Thelower guide 934 is coupled to theextension sleeve 936 and housing940 
25 D«ri»goperationoftheapparatus900.thelowerguide934preferabtyhe^ 

the movement of the mandrel 906 within the tubular member 902. Thelower 
guide 934 preferably has a substantially annular cross-section. 

The lower guide 934 may be febricated from any munber of conventional 
commercially available materials such as. for example, oilfield tubulars. low allpy 
30 steel or stainless steel. In a preferred embodiment, the lower guide 934 is 
fabruated from low aUcqr steel m order to optimalbr provide hi^yield strength. 
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n» outer suriiceofthe lower guide 934 prafe^^inate. With th.i.»e,«rt^ 
of tlie tuljular member 902 to provide a sUdiag fit 

"»'==^de«,936is™.pledh,thelowerguid.934andthehoud^ 
940, '^<>I«»tionofthea,,»»t„3900.tteexte«.i»deeve936^^^ 

Mp. gmde the mo«ment of the mandrel 906 Within the tubular member 902 
11»«tanaiondee»936p«fe„a4yb„.^„„a^^^^^^^_^ ' 

11.0 ortmudon deo« 936 may be abricated ih,m any number of 
coa^nfonal commerdaHy .™ilable material suoh aa. for example, oilfield 
^ W aH.^ or atainle^ steel. In a prefer, embodiment the 
10 ««^»^93«isfabricatedtom.owalloy.<«linord.r..opth„.D^ 

h^^strengtb. outer surfa«oftbe«.enai».ta,„ 936 p«fe^,ym,^ 
«ththemner,„rftco„fthetubularmemb.r902top,.,ideaaUdingflt In. 
prefe^d embodiment, the enenaion aleev. 986 «„, th. lower guide 934 are 

«>™«' ---'^on.pi.c element m order to minimia, the number Of 
IS "■"Ponents and increase the strength of the awaratua 

nrefeni^ Tr?""^'"^"^'^'^- ^=er 938 

'"'^'■^•^■"^-■^-"econv^edftomthe 
20 TTy^ P»»^ 918 and 952 into the fluid paa«,^ 962 

20 •^=^.«h,^938bas.sub«.„a^^^,,,,,^^'^ 

T*. sp«« 938 may be fabricated ^ any mrmber of o»vention.l 
avmlable materials such as. for e^mrple. -eel. ahnninum or caat 
--^.^»red embodiment. thesp««938i.,abric..«,i^.^ ^ 

«dert^optmud,yprovidedHlh^iUty.^.ndofth..p.ee,938p,,^ 
25 with the end of the extension tube 960 In..»ef,»™^ etablynurtes 
938andtbesealingdee™942areibZ, .p«« 
to red™. ^k TT^ "'***^''"*^*"™*" order 

U.redu»t^mnnb.r.fcompon.nt.andinc«asethe.tr.ngth of the apparatus 
Ibe houamg 940 i. couplo. to the lower guide 934. extension 



The housing 940 may be fabricated from any number of conventional 
commercially available materials such as. for example, oilfield tubulars, low alloy 
steel or stainless steeL In a preferred embodiment, the housing 940 is fabricated 
from low alloy steel in order to optimaUy provide hi^ yield strength. In a 

5 P«ferredembodiment.thelowerguide934,extensionsleeve936andhousing940 
are formed as an integral one-piece element in order to minimize the number of 
components and increase the strength of the apparatus. 

In aparticularly preferred embodiment, the interior surface of the housing 
940 includes one or more protrusions to fadliate the connection between the 
10 housmg 940 and the body of cement 932. 

The sealing sleeve 942 is coupled to the support member 904. the body of 
cement 932. the spacer 938. and theuppercone retainer 944. During operation of 
the apparatus, the sealing sleeve 942preferably provides support forthe mandrel 
906. Thesealingsleeve942i8preferablycoupledtothesupportmember904uaing 
15 U.ecoupIing922. Preferably, the sealing sleeve 942 has a substantially annular 
croBS-fiection. 

Thesealingsleeve 942 may befabricated from any number of conventional 
commerdaUy available materials such as. for example, steel, aluminum or cast 
iron. In a prefemd embodiment, the sealing sleeve 942 is fabricated from 
20 aluminum in order to optimally provide drillability of the sealing sleeve 942. 

In a particularly preferred embodiment, the outer surface of the sealing 

sleeve942indudesoneormoreprotnisionstofaciliatetheconnectionbetweenti« 
sealing sleeve 942 and tiie body of cement 932. 

In a particular^ preferred embodiment, tiie spacer 938 and tiie sealing 

25 sleeve 942 are integrally formedasaone-pieceelement in order to minimizeti^ 
number of components. 

The upper cODe retdner 944 is «»»led to tta eqamkm cone 928, the 
«-ingd.e«942,.ndthebodyof..n«,t932. Duringope«.ionofth.appar.tu, 

S0»„.928. ft=f^ly.the«ppercon.«.i™r944h.se«u»t.„tieIly.n„„le, 
cross-section. 
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The upper cone retainer 944 may be fabricated from any number of 
conventional commerciaUy available materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the upper cone retainer 944 

is fabricated from aluminum in order to optimal^ provide drillability of the upper 
5 cone retainer 944. 

In a particularly preferred embodiment, the upper cone retainer 944 has a 
cross-sectional shape designed to provide increased rigidity. In a particularly 
preferred embodiment, the upper cone retainer 944 has a cross-sectional shape 
that is substantiaUy Lshaped to provide increased rigidity and minimize the 
10 amount ofmaterial that would have to be drilled out. 

The lubricator mandrel 946 is coupled to the retainer 924, the rubber cup 
926, the upper cone retainer 944. the lubricator sleeve 948, and the guide 950. 
During operation of the apparatus 900. the lubricator mandrel 946 preferably 
contains the body of lubricant in the annular region 972 for lubricating the 

15 i^terfece between the mandrel 906 ami the tubular member 902. Preferably, the 
lubricator mandrel 946 has a substantially annular cross-section. 

The lubricator mandrel 946 may be fabricated from any number of 
conventional commercially available materials such as, for example steel 
alumimmiorcastiron. In a preferred embodiment, the lubricator mandrel 946 is' 
20 fabricated from aluminum in order to optimally provide drillabiUty of the 
lubricator mandrel 946. 

The hibricator sleeve 948 is coupled to the lubricator mandrel 946 the 

retainer 924.therubbercup926.theupperconeretainer944.thehibricatorsl^ 
948. and the guide 950. During operation of the apparatus 900. the lubricator 

25 sleeve 948 preferably supports the rubber cup 926. Preferably, the lubricator 
sleeve 948 has a substantially annular cross-section. 

The lubricator sleeve 948 mi^ be fabricated from any number of 
conventional commercially available materials such as. for example steel, 
aluminum or cast iron. In a preferred embodiment, the lubricator sleev^ 948 is 

30 fabricated from ahmumm. in order to optimally provide drillability of tiie 
lubricator sleeve 948. 
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As Ikisteted in Fig. 9c, Ae lubricator sleeve 948 Is supported by the ' 
^bncato, „ 346. lubricator sleeve 948 .„ tu. supports the ™bber cup 
92S. T^««-""924coup.esthe™bbercup926.o.heh,brica,orsteeve948 ,L 
^^^T^ seals 949, arid 949b are p«Mded between the lubricator 
, '"'""•""'^ ^ ""*«rcup 926,„ oKler toopti„«llyseal 
oirihemtenorreglon972ofthetubularmen,ber902 

•^'«*«950'»coupted.,thelubricatormand«l946,,he,etainer924 and 
Wmcator sleeve 948. During operation o, the apparatus 900. U« guide 
P^l^blv g^des the appatatus on the support n«„*er 904. Preferably, the guide 
950 has a substanUally annular cross-section. 

•^8«"<'«950n«,berabrica.edfe,ma„ynurirberofconvendorial 
^n^nerclal^^avallable „«.erials such as. ,ore«„ripte. steel. alu„.nu„ orcas. 

.ron. -preferred embodiment. theguide950ls<abricatedftomalun,inum 
order to optimally prwlde drinabOily of the guide 950 

Tl« nuid passage 952 Is coupled to the mandrel 906. During operaUon of 

««^^..he«„«passage952p,eferablycc^yshan.enaH.c 
~-^ap^dembodlmen,.U,eOuldpassage952isposi„^^^^ 
^ centerilne of the apparatus 900. In a particulariy prefened embodiment the 
flu^ passage 952 is adapted to convey hardenabie lluldic material at pre^i,^ 

1135(12355 l,,,e^nu,es(0,o3.0(»gallonvmin)inorder.oop,imallyprovide 

Tl.e various elements of the mandrel 906 m^y be coupled using any number 
or cnventlona, process such as. fcrexampfe. threaded connections weilj 

ZZir™"""- '"-■''^---^•^-ous.eZof 
«>em»dre, 906a.ecoupted using threaded co™«cdons and cementing. 

.T'^'^'*"^'^'''- ^ 'xx'yof cement 956. a 
sealing sleeve 958, an extension fuhi» Ofin = n • ^ 

ou.letiets964. '"^°"'"'«««''^''"'^'»»^962.andoneormo,e 

-me housing 954 is coupled to the body of cement 956 and me lower 
POrt|,9,4of,hetubularmember902. During opentUonofthe apparatus 900 the 
h-*«954p.efe.ab,yc.up,esthe,owerportlonof.he.ubulari:^r^;;: 
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shoe 908 to fiualitate the extrusion and poritioning of tte tubular member 902. 
Preferably, the housing 954 has a substantial^ annular cross-section. 

The housing 954 be fabricated from any number of conventional 
commercially available materials such as, for example, steel or aluminum. In a 

5 preferred embodiment, the housing 954 is febricated from aluminum in order to 
optimally provide diiUabiUly of the housing 954. 

In aparticularly preferred embodiment, theinterior surface of the housing 

954 inchidesoneormoreprotruaionstofeciliate the comiectionbetween the body 
of cement 956 and the housing 954. 

10 '^»>«*y<>fcement956i8«mpledtothehousing954.andtheseali^ 

968. In a preferred embodiment, the composition of the body of cement 956 is 
selected to permit the body of cement to be easUy drilled out using conventional 
drilling machines and processes. 

The composition of the body of cement 956 may include any number of 

15 conventional cement compositions. In an alternative embodiment, a drillable 
material such as. for example, ahmiinum or iron miiy be substituted for the body 
of cement 956. 

Thesealii«deeve9S8is««pMtoth8bodyofMittnt956.tto«tenai<m 
tube 960. th.a«idp.««,962.«ri<meorm<«oatl8tj.te964. Dmtogoperation 

20 "f'h.aw^.tu. 900, the «aing*e« 968 p^ferabtyi. adapted to convey a 
iMTdeoable fluMfc matarM from the fluid p^^ge 952 into the fluid paaaage 962 
and then into the outlet jets 964 in »der to iigect the harienabh fluidic material 
mto annular region external to the tubuhir member 902. In a preferred 
<«*«>dunent.du.ingoperationoftheapparatu,900.the8ealingslee«968«^ 

25 »*«te««ni»letgeomet.ythatpermil..eonveotional,teg„rd.rt974t.b«»me 
lodged in theinletofthe.edingslee™958. In thi.m.nn«, the fluid paaaage 982 

be blocW therein flnididy isolating the interior region 986 of the tubular 

member 902. 

In a preferred embodiment, the sealing sleeve 958 has a substantially 
30 annularcross-section. The sealmgaleeve 958 may be fabricated from any number 
of conventional commercial^ available materials such as. for example steel, 
ahnninum or cast iron, m a proferred embodiment, the sealing sleeve '958 is 
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fabricated from aluminum in order to optimally provide drillability of the sealing 

sleeve 958 



The extension tube 960 is coupled to the sealing sleeve 958. the fluid 
passage 962. and one or more outlet jets 964. During operation of the apparatus 
5 900. the extension tube 960 preferably is adapted to convey a hanienable fluidic 

material from the fluid passage 952 into tt.e fluid passage 962 and then into the 
outlet jets 964 in order to inject the haxdenable fluidic material into an annular 

region exterBaltothetubularmember902. In a preferred embodiment, during 
operation of the apparatus 900. the seahng sleeve 960 further includes an inlet 
10 geometry that permits a conventional plug or dart 974 to become lodged in the 
mlet of the sealing sleeve 958. In this manner, the fluid passage 962 is blocked 
hereby fluidicly isolating the interior region 966 of the tubular member 902 In 
a preferred embodiment, one end of the extension tube 960 mates with one end of 
the spacer 938 in ordertooptimaUyfaciliate the transfer of materialbetween the 



15 two. 



In a preferred embodiment, the exteMta. tab. 960 ha. , wbstrntidhr 
a^ularcross-secaoi.. The««ensiont«l»960mayb.fabric.tedftommvnumb.r 
of convenaonaJ comm«xiaUy a«dl«ble materia, such for «c«nple steel 
aluminum or ca« iron, a prefer,«, embodiment, the «t.eneion tube^Beo is 
20 fabncated ftom aluminum in order to optimaUy provide drillabiUly of the 
»tenaion tube 960. 

m.e fluid passage 962 is coupled to the sealing sleeve 958, the ertension 

tube960.andoneor»oreoutletjets984.D„rtogoperationoftheapp.rat»s«^^ 
the ihud passage 962 is preferably conveys hardenable nuidic materials. In a 

25 P'»fe™lena»dhnent,thefluidpass.ge962i3positionedd»utthecenterli„eof 
theapparatusSOO. ^ a part^ularly preferred embodiment, the fluid passage 962 
« adapted to convey hardenable fluidic materials at pressures and flow rate 

™.S.ngfto. ,b„„,0,o 620.528,3 bar (0 ,o 9.000 p«) a«l 0 « .1356.2355 (0^3 000 
ga,.o„3/m,„) „ or^ » opdn^ly p^vid. fluids a. ope^donally ciBcien, ^ 

960,»dthefluidp.asage962. D«™goperetionoftheapp.ratua900,theouUet 
jets 964 preferably oonv^ hardenable fluidic material ih,m the fluid p«»,ge 962 



tothe^gione^rioroftheapparatusgoo. Inap^^^^ 

908 includes a plurality of outlet jets 964. 

In a preferred embodiment, the outlet ipfas qua ™« • 
thoK^ • ' ^64 comprise passages drilled in 

the housing 954 and the body of cement q«j«{«^^ * 

.« p,«. .rfn^terial m a p^e™. e^», ^ J 
element, of the 908 ««couptadu^gee,oent 

^-Beda^^th Terence U.F^. 1-8 .oc^ a new section. fc.,i„,L" 
wellboreortorepairaweUborecaaingorpipeline 

X6 subterranean fomatioD to fonn a new section. 

The apparatus 900 for forming . wdlbo« cadng m a «.bter,™»., 

preferredembod«,ent.theapparatu.900includesthetubuiarmemher916 Ji 

^0 rri.r::irr t ^ 

location into the fluid passaae 918 Th. 
li»nienablefluidic8ealh»materi.UJ.«, ». Passage »18. The 

"™"'""I^sfromthefluidpassa(!B9i8ii.tnfl,. 
mter«»- regtoa 986 of the tubular member 902 h.l P'^SWmtothe 

l>eMe„.bleauldio.«^„„.orialtZT r 

thefl«idp^962 *"'™''^P^fre-tteinteriorr.gion966into 
^ apparatua'T^.Te olt" =^ ^ ««. 

exteriorofthetubu ."^ " «» 

wellboreC„„« ^ new section of th. 

•enal to fill up at least a portion of the annular r^ion. 
The hardenable fluidic sealing materi.1 t. ..■ 

inatenal is pumped mto the annular region at pressures 
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and flow rates that are designed for the specific wellbore section in order to 
optimize the displacement of the hardenable fluidic sealing material while not 
creating high enou^ circulating pressures such that circulation mi^t be lost and 
that could cause the weUbore to collapse. The optimum pressures and flow rates 
5 are preferably determined using conventional empirical methods. 

The hardenable fluidic sealing material may comprise any number of 
conventional commerdally available hardenable fluidic sealing materials such as, 
for exanqile, slag mix, cement or eposy. In a preferred embodiment, the 
hardenable fluidic sealing material comprises blended cements designed 
10 specifically for the weU section being lined available from HaUiburton Energy 
Services in Dallas, TX in order to optimaUy provide support for the new tubular 
member while also mnint n iniTig optimal flow characteristics so as to mmimW^ 
operational difficulties during the displacement of the cement in the annular 

region. Theoptimum composition of theblendedcementsispreferablydetennined 
15 using conventional empirical methods. 

The annular region preferabty is filled with the haidenable fluidic sealing 
material in sufficient quantities to ensure that, upon radial expansion of the 

tubular member 902, the annular region ofthe new section ofthe wellbore will be 
filled with hardenable material. 

20 Once the annular region has been adequately filled with hardenable fluidic 

sealing material, a plug or dart 974, or other similar device, preferably is 

introducedintothefluidpa88age962 thereby fluididyisolatingtheinteriorregion 
966 ofthe tubular member 902 from the external annular region. Inapreferred 
embodiment, a non hardenable fluidic material is then pumped into the interior 

25 region 966 causing the interior region 966 to pressurize. In a particularly 
preferred embodiment, the phig or dart 974, or other similar device, preferably is 
introduced into the fluid passage 962 by mtrodudng the plug or dart 974 , or other 
similar device into the non hardenable fluidic material In this manner, the 
amount of cured material within the interior ofthe tubular members 902 and 915 

30 is minimized. 

Once the mterior region 966 becomes sufficient^ pressurized, the tubular 
members 902 and 915 are extruded off of the mandrel 906. The mandrel 906 may 



be fixed or it may be expandible. During the extrusion process, the mandrel 906 
IS raised out of the expanded portions of the tubular members 902 and 916 using 

thesupportmember904.Duringthisextxusionprocess.theshoe908ispreferably 
substantially stationaiy. 

5 The plug or dart 974 is preferably placed into the fluid passage 962 by 

mtroducing the plug or dart 974into the fluid passage 918 atasurface location in 
a conventional manner. The plug or dart 974 may comprise any number of 
conventional commercially available devices for plugging a fluid passage such as 
forexample.Multiple Stage Cementer(MSC)latch^ownplug,OmegalatchHio^^ 
10 Pl^o'Wwiperlatchdownplugmodifiedinaccordance with the teachingsof 
thepresent disclosure. InaprefeiTedembodiment.theplugordart974comprises 
aMSClatch^ownplugavailablefromHalliburtonEnergyServicesinDallas TX 
After placement of the plug or dart 974 in the fluid passage 962. the non 
hardenable fluidic material is preferably pumped into the interior region 966 at 

9,000 p 0 and 151.4164 to 1 1356.2355 Jitres/minute (40 to 3.000 gallons/min) in oider to 
optm^lly extmde the tubular member. 902 and 915 offof the ™atL, 906 

Of .he 'IT ^ ^2 Off 

4731.7648 tarerinoml. (40 lo 12J0 «.Wn«i«e). 

tol52im/.m, <«, , . "°''""""«"™'8'"8. for example, from about 0 

Hl^gspeedlas, enough .op.™U,effiei««<,peratoandp^^ 
Mar ™™,be. 902 and 9.5 priorto eurtng of ft. ft,dic seeing Z^. 

30 z::: '*"'"""^"^'°'°'«~<-'"--»^ 



When the upper end portion of the tubular member 915 is extruded off of 

the mandrel 906. the outer surfaceof the upper end portionof the tubular member 
915 wiU preferably contact the interior surface of the lower end portion of the 

existingcasingtoformannuidtightoverlappingjoint.Thecontactpre8sureofthe 
6 overlapping joint may range, for example, from approximately 3.447379 to 1.278.9514 
bar (50 to 20.000 psi). In a prefen-ed embodiment, the contact pressure of the 
overlapping joint between the upper end of the tubular member 915 and the existing 
section of wellbore casing ranges fiom approximately 27.579028 to 689.4757 bar (400 to 
10.000 psi) in Older to optimally provide contact pressure to activate the sealing members 
and provide optimal resistance such that the tubular member 91 5 existing wellbore casing 
will carry typical tensile and compressive loads. 

In a preferred embodiment, the operating pressure and flow rate of the non 
hardenable fluidic material will be controllably ramped down when the mandrel 
906 reaches theupperendporiaonofthetubularmember915. In this manner, the 

15 sudden release of pressmre caused by the complete ertrusion of the tubiilar 
member 915 off of the expandable mandrel 906 can be mininmed. In a preferred 
embodiment, the operating pressm>e is reduced in a substantiaUy linear fashion 
from 100% to about 10% during the end of the extrusion process beginning when 
the mandrel 906 has completed approximately all but about the last 5 feet of the 

20 extrusion process. 

Inanalteniativepieferredembodiment,theoperatingpressureand/orflow 
rate of the hardenable fluidic sealing material and/or the non hardenable fluidic 
material are controUed during aU phases of the operation of the apparatus 900 to 
minimfze shock. 

25 ^t^'^ti^^ly.ormcombination.ashockabsorberisprovidedinthesuppo^ 
member 904mordertoabsorbtheshockcausedbythesuddenreleaseof pressure. 
Alternatively, or in combination, a mandrel catching structure is provided 

above the supportmember904mordertocatch or at leastdecelerate the mandrel 
906. 

30 Once the extrusion process is completed, the mandrel 906 is removed from 

the weUbore-Inapreferred embodiment, either beforeor after the removalofthe 
mandrel 906. the int^ty of the fluidic seal of the overlapping joint between the 
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upper portion of the tubular member 915 and the lower portion of the existing 
casingis tested usingconventionalmethods. If the fluidic seal of the overlapping 

joint between the upper portion of the tubular member 915and the lower portion 
of the existing casing is satisfactoiy, then the uncured portion of any of the 
5 hardenable fluidic sealing material within the expanded tubular member 915 is 
then removed in a conventional manner. The hardemAIe fluidic sealing material 
within the annular region between the expanded tubular member 915 and the 
existing casing and new section of wellbore is then aUowed to cure. 

Preferabfy any remaining cured hardenable fluidic sealing material within 

10 "»einterioroftheexpandedtubularmembers902and915isthenremovedina 
conventionalmannerusingaconventiomddriUstring. The resulting new section 
of casingpreferably includes the expanded tubular members 902 and 916 and an 

outer annular layer of cured hardenable fluidic sealing materiaL The bottom 
portion of the apparatus 900 comprising the shoe 908 may then be removed by 
15 drillingouttheshoe908usingconventionaldrillingmethods. 

In an alternative embodiment, during the extrusion process, it may be 

necessary toremovetheentireappaiatus900ftomtheinteriorofthe wellbore due 
to a malfunction. In this circmnstance. a conventional drill string is used to drill 
<>^t«^i«teriorsectionsoftheapparatus900inordertofacihtatethe«mova^ 
20 theremamingsections. ^ a preferred embodiment, the interior elements of the 
apparatus 900 are fabricated from materials such as. for example, cement and 

aluminum, that pennitaconventionaldriU string to beemplc^todriU out 
interior components. 

In i«rUcul«-, in a preferml embodim«rt, the ««,portB«D of the in^ 
26 -^oftkeniandrel 906 908. ioctodh.g,™„.^rfU„i^^ 

tteluhri«torn»nd«l»46.th.tabHc.t«*.,e948.th.«uU^ 

964, the hody of ceii^nt 966, the »dtag de«B 968, »ul the extension tube 960 
"""^ of thee, .o«p««.,. to be dxilled out „™g 

n«am=ti«. downhole the .ppexeta. 900 „^ 
wellbore. 

(a 
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Referring now to Pigs. 10a. lOb. lOc, lOd, lOe. lOf. and lOg a method and 
apparatus for creating a tie-back liner in a wellbore will now be described. As 
illustrated in Fig. lOa. a wellbore 1000 positioned in a subterranean formation 
1002 includes a first casing 1004 and a second casing 1006. 
5 The first casing 1004 preferably includes a tubular liner 1 008 and a cement 

annulus 1010. The second casing 1006 preferably includes a tubular liner 1012 
and a cement annulus 1014. In a preferred embodiment, the second casing 1006 
is formed by ending a tubular member substantially as described above with 
reference to Pigs. l-Sc or below with reference to Figs, lla-llf. 

In a particularly preferred embodiment, an upper portion of the tubular 
liner 1012overlapswiaialowerportionofthe tubular liner 1008. In a particularly 
preferred embodiment, an outer surface of the upper portion of the tubular liner 
1012 inchides one or more sealing members 1016 for providing a fluidic seal 
between the tubular liners 1008 and 1012. 
15 Referring to Fig. 10b, in order to create a tie-back liner that extends fiom 
the overlap between the first and second casings. 1004 and 1006. an apparatus 
1100 is preferably provided that inchides an expandable mandrel or pig 1105 a 
tubular member 1110, a shoe 1115. one or more cup seals 1120. a fluid passage 
1130. a fluid passage 1135. one or more fluid passages 1140. seals 1146. and a 
20 support member 1150. 

The expandable mandrel or pig 1105 is coupled to and supported by the 
support; member 1150. The expandable mandrel 1105 is preferably adapted to 
controUably expand in a radial direction. The expandable mandrel 1105 may 

compnseanynmnberofconventionalcommerciallyavailableexpandablemandrels 
25 «^«iifiedinaccordancewiththeteachingsofthepresentdisdosure.Inapr^ 
embodiment, the expandable mandrel 1105 comprises a hydraulic expansion tool 
substantially as disclosed in U.S. Pat. No. 5.348,095. the disclosure of ^ is 

incorporated hereinby reference. modifiedinaccordancewiththeteachingBof the 
present disclosure. 

The tubular member 11 10 is coupled to and supported 1^ the expandable 
mandrel 1105. The tubular member 1106 is e^mnded in the radial direction and 
extruded offofthe expandable mandrel 1106. lUe tubular member 1110 m^ be 

06 
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^ fabricated from any number of materials such as, for exanj^Jei lOilfieTrf Q^hnt^ . ^ • 
Tubular Goods. 13 chromium tubing or plastic piping. In a prefeired embodiment, 
the tubular member 1 1 10 is fabricated from Oilfield Country Tubular Goods. 

The inner and outer diameters of the tubular member 1 1 1 0 may range, for 
example, from approximately 1.905 to 1 19.38 cms (0.75 to 47 inches) and 2.667 to 
121.92 cms (1.05 to 48 inches), respecthrely. In a preferred embodiment, the inner 
and outer diameters of the tubular member 1 110 range from about 7.62 to 39.37 
cms (3 to 15.5 inches) and 8.89 to 40.64 cms (3.5 to 16 inches), respectively in 
order to optimally provide coverage for typical oilfield casing sizes. TTie tubular 
member 1 1 10 preferably comprises a soUd member. 

In a preferred embodiment, the upper end porUon of the tubular member 
1 1 10 is slotted, perforated, or otherwise modified to catch or slow down the 

mandrel 1105 whenil completes theextmsionoftubularmember 1110. Ina 
preferred embodiment, the length of the tubular member 1 1 1 0 is limited to 
minimize the possibility of buckling. For typical tubular member 1 1 10 materials, 
ihe ler>gth of the tubular member 1 1 1 0 is preferably limited to between about 
12. 192 to 6096m (40 to 20,000 feet) In length. 

The shoe 1 1 15 is coupled to the expandable mandrel 1 105 and the tubular 
member 1110. The shoe 1 115 Includes the fluid passage 1135. TTieshoe lllSmay 
comprise any number of conventional commercially available shoes such as for 
example. Super Seal II float shoe. Super Seal II Down-Jet float shoe or a guide shoe 
witfi a sealing sleeve for a latch down plug modified in accordance witfi tiie 
teachings of the present disclosure. In a preferred embodiment, tfie shoe 1115 
comprises an aluminum down-jet guide shoe witf, a sealing sleeve for a latch- 
down plug wiUi side ports radiating off of tiie exit flow port available from 
HaUiburton Energy Services in Dallas. TX. modified in accordance witfi tf,e 
teachings of tiie present disclosure. In order to optimally guide tiie tubular member 
1 100 to tfie overiap between ttie tubular member 1 100 and ttie casing 1012 
optimally fluldicly isolate tfie interior of ttie tubular member 1 100 after tiie latch 
down plug has seated, and optimally pemtilt drilling out of tfie shoe 1 1 15 after 
completion of ttie expansion and cementing operations. 

In a preferred embodiment, tfie shoe 1 115 includes one or more side outiet 
portjl 140 in fluidic communication witti tfie fluid passage 1 135. In tfiis manner 
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theshoe 1115 injectshardenablenuidicsealingnmteriaJ into the region ^^^^ 
shoe 1115 and tubular member 1110. In a preferred embodiment, the shoe 1115 
includes one or more of the fluid passages 1 140 ea«rh having an inlet geometry that 

canreceiveadartand/oraballsealmgmember.Inthismamier.thefluidpassages 

5 1140canbesealedoffbyintrodudngaplug.dartand/orbaUsealingelementsinto 
the fluid passage 1130. 

The cup seal 1 120 is coupled to and supported by the support member 1150. 
The cup seal 1120 prevents foreign materials ftom entering the interior region of 
the tubular member 1110 ac^jacent to the expandable mandrel 1105. The cup seal 
10 1120 may comprise any number of conventional commercially available cup seals 
such as. for example. TP cups or Selective Injection Packer (SIP) cups modified in 
accordance with the teachings of the present disclosure. In a preferred 
embodiment, the cup seal 1120 comprises a SIP cup. available from Halliburton 

Energy Services in Dallas. TXin order to optimallyprovideabarrier to debris and 
15 contain a body of lubricant. 

The fluid passage 1130 permits fluidic materials to be transported to and 
from the interior region of the tubular member 1110 below the expandable 
mandrel 1105. The fluid passage 1130 is coupled to and positioned within the 
support member 1150 and the expandable mandrel 1105. The fluid passage 1130 
20 preferably extends from a position a4iacent to the surface to the bottom of the 
expandable mandrel 1105. The fluid passage 1130 is preferably positioned along 
a centerline of the apparatus 1100. The fluid passage 1130 is preferably selected 
to transport materials such as cement, drilling mud or epoxies at flow rates and 
pressures ranging fiom about 0 to 1 1356.2355 litres/minute (0 to 3,000 gallons/minute) 
25 and 0 to 620.528 13 bar (0 to 9.000 psi) in order to optimally provide sufficient operating 
pressures to circulate fluids at operational efficient rates. 

Thefluidpassagell35permitefluidicmaterialstobetransmittedfromfluid 
passage 1130 to the interior of the tubular member 1110 below the mandrel 1105 
The fluid passages 1140 permits fluidic materials to be transported to and 
30 from the region exterior to the tubular member 1110 and shoe 1115. The fluid 
passages 1140 are coupled to and positioned within the shoe 1115 in fluidic 
communication with the interior r^on of the tubular member 1110 below the 



expandable mandrel 1106. The fluid passages 1140 preferably have a cross- 
sectional shape that permits a plug, or other similar device, to be placed in the fluid 
passages 1140 to thereby block further passage of fluidic materials. In this 
manner, the interior region of the tubular member 1110 below the expandable 
5 mandrel 1105 can be fluidicly isolated from the region exterior to the tubular 

member 1105. This permits the interior region of the tubular member 11 10 below 
the expandable mandrel 1105 to be pressurized. 

The fluidpassageslMOarepreferably positioned alongthe periphery ofthe 
shoe 1115. The fluid passages 1140 are preferably selected to convey materials 
10 such as cement, drillingmud or epoxies at flow rates and pressures ranging from 
about 0 to 11356.2355 litres/minute (0 to 3.000 gallons/minute) and 0 to 62.52813 bar (0 
to 9.000 psi) in order to optimally fill the annular region between the tubular member 
11 10 and the tubular liner 1008 with fluidic materials, fa a preferred embodiment the 
fluid passages 1 140 include an inlet geometry that can receive a dart and/or a ball sealing 
member. ^ this manner, the fluid passages 1140 can be sealed offby introducing a plug 
dart and/or ball sealing elements into the fluid passage 1 130. fa a preferred embodiment' 
the apparatus 1 100 includes a plurahty of fluid passage 1 140. 

In an alternative embodiment, the base ofthe shoe 1115 includes a single 
inlet passage coupled to the fluid passages 1140 that is adapted to receive a plug 
20 or other similar device, to permit the interior region ofthe tubular member 1110 
to be fluidicfy isolated from the exterior ofthe tubular member 1110. 

The seals 1145 are coupled to and supported by a lower end portion ofthe 
tubular member 1110. The seals 1145 are further positioned on an outer surface 
ofthe lower end portion ofthe tubular member 1110. The seals 1145 permit the 
25 overlapping joint between the upper end portion ofthe casing 1012 and the lower 
end portion of the tubular member 1110 to be fluidicly sealed. 

The seals 1145 may comprise any number of conventional commercially 
available seals such as. for example, lead, mbber. Teflon™ or epoxy seals modified 
in accordance with the teachings of ibe present disclosure. In a preferred 

30 e«^bodiment.thesealsll45comprisesealsmoldedfromStratalockepo:^available 
frem Halliburton Energy Services in Dallas. TX in order to optimally provide a 
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to withstand the range of ^^ical tensUe and compressive loads. 

Inapreferred embodiment, the seals 1145areselectedtoopttoallyp,<,vide 
asuffidentMctionalforoetosuHX»ttheexp.ndedtubularmemberlllOfi,,mthe 
6 tnbular linerlOOS. ^ a prefer! embodim«,.,«.e Motional force provided by the 
s-ls 1 145 «„g« from ,b«« iiMm u, 68, 947.57 (1,000 K, I.OOO. 000 IbO in ,a^c« »a 

The suppoH member 1150 is coupled to the e^dable mandrel 1105 
tubular member 1110. shoe 1115. and seal 1120. The support member 1150 
10 preferable comprises an anmUar member having sufficient strength to cany the 
.PP«n*«1100int„ the ^re 1000. In a p^ferrsd embodiment, the support 
member 1150 further includes one or more conventional centralise,, (not 
■llmtrated) to help stabiliie the tubular member 1110. 

'''°«'"*-™»"*odimont.acp™tilyoflubricantU60i.providedinthe 
15 annular region above the expandable mandrel 1105 ^thin the interior of the 

tubutar member 1110. Inthismanner.theextrusionofthetubularmemberlllO 
off of the expandable mandrel 1106 is fadlitat^l. m lubricm,t 1150 may 
compnseany number of conventionalist 3^,,,^ 

'-"-^^^^^.^^.^^^^.^^^^^^^^ 

(3100) avmlahleih,m Climax Lubricants and Equipment Co. in Houston Kin 
order to optimally provide tabrication for the extrusion process 

prior ^'^'^^'■'^^'^^^^'^^^■^^ 
^or to « eo the remaining portions of the apparatus 1100. In this 

25 ".t^^troducaonofforeignmaterialintotheapparatusllOOisminimi^^ 
Ttas mmmnzes the possibiUty of foreign material clogging the various flow 

P-»gesandvah^oftheapp.ratusllOOandtoensu,eth.tn.foreig„materi.l 
mterferes With theexpm^onmandre. 1105 duringtheextn-sion process 
30 „a.. "^^^r^^ «ubodiment. a;^.„. „oo inctodes a 

30 packer 1155 coupled to the bottom section of iie shoe 1116 for fluididy isolating 

*e^nof«.ewellbo.el000belowthe.^,„sll00.1nthismanner,fluidi! 
matermls are prevented ftom entering the region of the wellboro 1000 below 
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apparatus 1100. The packer 1155 may comprise any number of conventional 
commercially available packers such as, for example, EZ DrUl Packer. EZ SV 
Packer or a driUable cement retainer. In a preferred embodiment, the packer 
1155 comprises an EZ Drill Packer available from Halliburton Energy Services in 
5 Dallas. TX. In an alternative embodiment, a high gel strength pill may be set 

below the tie-backinplaceofthepackerll55.Inanother alternative embodiment, 
the packer 1155 may be omitted. 

In a preferred embodiment, before or after positioning the apparatus 1 100 
within the weUbore 1100. a couple of wellbore volumes are circulated in order to 
10 ensure that no foreign materials are located within the weUbore 1000 that might 
clogup the various flow passages and valves of the apparatus 1100 and to ensure 
that no foreign material interferes with the operation of the expansion mandrel 
1105. 

As illustrated in Fig. 10c, a hardenable fluidic sealing material 1160 is then 
15 pumped from a surface location into the fluid passage 1130. The material 1160 
then passes from the fluid passage 1130 into the interior region of the tubular 

member lll0belowtheexpandablemandrelll05.Thematerialll60thenpas8e8 
from the interior regionof the tubular member 1110 into the fluid passages 1140 
The material 1160 then exits the apparatus 1100 and fills the amiular region 

20 between the exterior of the tubular member 1110 and the interior wall of the 
tubular liner 1008. Continued pumpingofthe material 1160 causes the material 
1160 to fiU up at least a portion of the annular region. 

•n.c material 1 160 may be pumped into the amiular region at pressures and flow rates 
rangmg. for example, from about 0 to 344.73785 bar (0 to 5.000 psi) and 0 to 5678 1177 

25 Htre^minute (0 to 1.500 gallons/min). respectively. In a preferred embodiment, the material 
1 1 60 .s pumped into the annular region at pressures and flow rates specifically designed for die 
casmg sizes being run. the annular spaces being filled, the pumping equipment available, and the 
properties of the fluid being pumped. The optimum flow rates and pressures are preferably 
calculated using conventional empirical methods. 

30 The hardenable fluidic sealing material 1160 may comprise any number of 

conventionalcommerdaltyavailablehardenablefluidicsealingmaterialssuchas 
for example, slag mix, cement or epmy. in a preferred embodiment, the 



hardenable fhiidic sealing material 1160 cominises blended cements specifically 
deidgned for well section being tied-back, available from Halliburton Energy 
Services in Dallas, IX in order to optimalty provide proper support for the tubular 
member 1110 while Tnaint.aining optimiun flow characteristics so as to minimize 
5 operational difSculties during the displacement of cement in the antinlflr region. 
The optimum blend of the blended cements are preferably determined using 
conventional empirical methods. 

The annular region may be filled with the material 1160 in sufiicient 
quantities to ensure that, upon radial e^qiansion of the tubular member 1110, the 

10 annularr^onwillbefilled with material 1160. 

AsillusiratedinFig. 10d» once the annular region has been adequately filled 
with material 1160» one or more plugs 1166^ or other similar devices, preferably 
are introduced into the fluid passages 1 140 thereby fluididy isolating the interior 
region of the tubular member 1110 fix)m the annular region external to the tubular 

15 member 1110. In a preferred embodiment, anon hardenable fluidic material 1161 
is then pimiped into the interior region of the tubular member 1110 below the 
mandrel 1105 causing the interior region to pressurize. In a particularly preferred 
embodiment, the one or more plugs 1165, or other similar devices, are introduced 
into the fluid passage 1140 with the introduction of the non hardenable fluidic 

20 material. In this manner, the amount of hardenable fluidic material within the 
interior of the tubular member 1110 is minimized. 

As illustrated in Fig. lOe, once the interior region becomes sufiSciently 
pressurized, the tubular member 1110 is extruded off of the expandable mandrel 
1105. During the extnision process, the expandable numdrel 1105 is raised out of 

25 the ea^Mmded portion ofthe tubular member 1110. 

The plugs 1165 are preferabfy placed into the fluid passages 1140 by 
introducing the phigs 1165 into the fluid passage 1130 at a surface location in a 
conventional manner. The plugs 1165 may comprise any number of conventional 
commercially available devices fix)m plugging a fluid passage such as, for exan^ile, 

30 brass balls, plugs, rubber ball& or darts modified in accoTdanee with t^«> tefiAiTip y 
of the present disclosure. 
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In . preferred embodiment, the plugs 1165 oompme low denei<y rubber 
balls. In «, alternative embodiment, for a shoe 1105 having a »mmon central 
inlet passage, the plugs 1 165 comprise a single latch down dart 
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ft. wellbore casing 1012. a preferred embodiment, tt.e conlacl pressure of the 
lom. between fte expamJed section 1 1 80 of tJ» tubular member 1 110 and the 
casing 1012 ranges from about 34.473785 to 689.6757 bar (500 to 10.000 psi) in 
order to opdmally provide pressure to activate Ihe sealing members 1 145 and 
provide optimal resistance to ensure tla, tl« Joint will witltstand ^icai earemes 
of tensile and compressive loads. 

In an alternative preferred embodiment, substantially all of tl«, entire lengtl, 
of tl« tubular member 1 1 10 has an internal diameter less than the outside 
d«meterof the mandrel .105. In this manner, extmsion of tt,e tubular member 
mo by the mandrel 1105 resulu in contact between substantially all of the 
«panded tubular member 1 1 10 and the existing casing 1008. in a preferred 
embodiment, the contact pressure of the ioint between the e;,«mded tubular 
member 11 10 and .he casings 1008 and 1012 ranges 6om about 34.473785 to 
689.6757 bar (500 to 10.000 p^) in order to optimally pn,vide pressure to activate 
«« sealing members 1 145 provide optimal resistance lo ensure that .he joint 
wUI withstand typical extremes of tensile and compressWe loads. 

In a preferred embodiment, the operati.^ pressure ami (low mte of tt,e 
nnaterial 1.61 •'contreliablyremped down when the expandable mandrel, 105 
reachestheupperendpomonoflhetubuiarmemberino. In this manner the 
sudden release of pressure caused by the complete exhusion of the tubular' 
■nembe,II,Ooiroftt,e expandable mandrel 1 105 can be minimized. Ina 
prefened embodiment fte operaUng pressureof the fluidic material 1 161 Is 

reduced inasubstanually linear lashionfrom 100% u,aboutlO% during «» 
the exmision process beginning when mandrel 1 105 has completed 

approximately all but about I.S24m(5fee0oflheexdusionp,ocess 

Altemaavely. or in combination, a shock absorber is provMed In the suppon 

memberl,50inordertoabsorblheshockcausedbythesuddenreleaseof 
pressure. 

Allemattvely. or in combination, a mandrel catching stnrcture is provided in 

fte upper end port-on Of the nrbularmemberliiOlnordertocatchorat leas, 
decelerate the mandrel 1 105. 



Referring to Fig. lOf, once the extrusion process is completed, the 
expandable mandrel 1105 is removed from the wellbore 1000. In a preferred 
embodiment, either before or after the removal of the expandable mandrel 1105, 
the integrity of the fhiidic seal of the joint between the upper portion of the 
5 tubular member 1110 and the upper portion of the tubular liner 1108 is tested 
using conventional methods. If the fliiidic seal of the joint between the upper 
portion of the tubular member 1110 and the upper portion of the tubular liner 
1008 is satisfactory » then the uncured portion of the material 1160 within the 
expanded tubular member 1110 is then removed in a conventional manner. The 

10 material 1160 within the annular region between the tubular member 1110 and 
the tubular liner 1008 is then allowed to cure. 

As illustrated in Fig. lOf, preferably any remaining cured material 1160 
within the interior of the expanded tubular member 1110 is then removed in a 
conventional manner usinga conventional drill string. The resulting tie-back liner 

15 of casing 1170 includes the expanded tubular member 1110 and an outer Annular 
layer 1175 of cured material 1160. 

As illustrated in Fig. lOg, the remaining bottom portion of the apparatus 
1100 comprising the shoe 1115 and packer 1155 is then preferably removed by 
drilling out the shoe 1115 and packer 1155 using conventional drilling methods. 

20 In a particularly preferred end)odiment, the apparatus 1100 incorporates 

the q>paratus 900. 

Referring now to Figs. 1 la- 1 If, an embodiment of an apparatus and method 
for hanging a tubular liner off of an existing wellbore casing^ 
As illustrated in Fig. 11a, a wellbore 1200 is positioned in a subterranean 

25 formation 1205. The wellbore 1200 includes an existing cased section 1210 having 
a tubular casing 1215 and an annular outer layer of cement 1220. 

In order to extend the wellbore 1200 into the subterranean formation 1205, 
a drill string 1225 is used in a well known manner to drill out material from the 
subterranean formation 1205 to form a new section 1230. 

30 As illustrated in Fig. 1 lb, an apparatus 1300 for forming a wellbore casing 

in a subterranean formation is tbsn pomtioned in the new section 1230 of the 
wellbore 100. The aiqparatus 1300 preferabfyizududes an expandable m^^ 
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pig 1305, a tubular member 1310, a shoe 1315, a fluid passage 1320. a fluid passage 
1330, a fluid passage 1335. seals 1340. a support member 1345, and a wiper plug 
1350. 

The expandable mandrel 1305 is coupled to and supported by the support 
5 member 1345. The eacpandable mandrel 1305 is preferably adapted to controUably 
expand in a radial direction. The expandable mandrel 1305 may comprise any 
number of conventional commerciaUy available expandable mandrels modified in 
accordance with the teachmgs of the present disclosure. In a preferred 
embodiment, the expandable mandrel 1305 comprises a hydraulic expansion tool 
10 substantially as disclosed in U.S. Pat. No. 5.348.095. the disclosure of which is 

incorporated herein by reference, modified in accordance with the teachings of the 
present disclosure. 

The tubular member 1310 is coupled to and supported by the expandable 
mandrel 1305. The tubular member 1310 is preferably expanded in the radial 
15 direction and extruded offofthe expandable mandrel 1305. The tubular member 
1310 may be fabricated from any number of materials such as, for example. Oilfield 
Country Tubular Goods (OCTG), 13 chromium steel tubing/casing or plastic 
casing. In a preferred embodiment, the tubular member 1310 is fabricated from 

OCTG. Theinnerandouterdiameter8ofthetubularmemberl310mayrange,for 
20 example, from approximately 1.905 to 1 19.38 cms (0.75 to 47 inches) and 2.667 to 
121.92 cms (1.05 to 48 inches), respectively. In a preferred embodiment, the inner and 
outer diameters of the tubular member 1310 range from about 7.62 to 39.37 cms (3 to 
15.5 inches)and 8-89 to 40.64 cms (3.5 to 16 inches), respectively in order to optimally 
provide minimal telescoping effect in the most commonly encomitered wellbore sizes. 

25 In a preferred embodiment, the tubular member 1310 includes an upper 

portion 1355, an intermediate portion 1360, and a lower portion 1365. In a 

preferred embodiment, the wall thickness and outer diameter of theupper portion 

1355 of ti,e tubular member 13 10 range from about 0.375 to 3.81 cms (3/8 to 1 H inches) and 8.89 to 40.64 
cms (3 !4 to 16 inches), respectively. I„ a preferred embodiment, the wall Sickness and outer diameter of 
30 the intermediate porton 1360 of the mbular member 1310 nmge from about 1.5825 to 1.905 cms (0 625 U, 
0.75 inches) and 7.62 to 48.26 cms (3 to 19 inches), respectively. In a prefencd embodiment, the wall 
thickness and outer diameter of the lower portion 1365 of 
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the tubular member 1310 range from about 0.375 to 3.81 cms (3/8 to 1.5 inches) 
and 8.89 to 40.64 cms (3.5 to 16 Inches), respectively. 

In a particularly prefeired embodinient, the wall thickness of the 
intermediate section 1360 of the tubular member 1310 is less than or equal to the 
wall thickness of the upper and lower sections, 1355 and 1365, of the tubular 
member 1 3 1 0 in order to optimally faciliate the initiation of the extrusion process 
and optimally pemnit the placement of the apparatus in areas of the wellbore 
having tight clearances. 

The tubular member 1310 preferably comprises a solid member. In a 
prefen-ed embodiment, the upper end portion 1355 of the tubular member 1310 is 
slotted, perforated, or otherwise modified to catch or slow down the mandrel 1305 
when It completes the extrusion of tubular member 1310. In a preferred 
embodiment, the length of the tubular member 1310 is limited to minimize the 
possibility of buckling. For typical tubular member 1310 materials, the length of 
the tubular member 1310 is preferably limited to between about 12.192 to 6096 m 
(40 to 20,000 feet) in length. 

The shoe 1315 is coupled to the tubular member 1310. The shoe 1315 
preferably includes fluid passages 1330 and 1335. The shoe 1315 may comprise 
any number of conventional commercially available shoes such as, for example. 
Super Seal 11 float shoe, Super Seal II Down-Jet float shoe or guide shoe with a 
sealing sleeve for a latch-down plug modified in accordance with the teachings of 
the present disclosure. In a preferred embodiment, the shoe 1315 comprises an 
aluminum down-jet guide shoe with a sealing sleeve for a latch-down plug 
available from Halliburton Energy Services in Dallas, TX, modified in accordance 
with the teachings of the present disclosure, in order to optimally guide the tubular 
member 1310 into the wellbore 1200. optimally fiuidicly isolate the interior of the 
tubular member 1310, and optimally permit the complete driU out of the shoe 1315 
upon the completion of the extrusion and cementing operations. 

In a preferred embodiment, ttie shoe 1315 further includes one or more side 
outlet ports in fluidic communication with the fluid passage 1330. In this manner, 
the shoe 1315 preferably injects hardenable fluidic sealing material into the region 
outsWe Uie shoe 1315 and tubular member 1310. In a preferred embodiment, ttie 
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shoe 1315 includes the fluid passage 1330 having an inlet geometry that can 
receive a fluidic sealing member. In this manner, the fluid passage 1330 can be 
sealed off by introducing a plug, dart and/or ball sealing elements into the fluid 
passage 1330. 

6 The fluid passage 1320 permits fluidic materials to be transported to and 

from the interior region of the tubular member 1310 below the «cpandable 
mandrel 1305. The fluid passage 1320 is coupled to and positioned within the 
support member 1345 and the eiqpandable mandrel 1305. The fluid passage 1320 
preferably extends from a position ac^acent to the surface to the bottom of the 
10 expandable mandrel 1305. The fluid passage 1320 is preferably positioned along 
a centerline of the apparatus 1300. The fluid passage 1320 is preferably selected 
to transport materials such as cement, drilling mud. or epoxies at flow rates and 
pressures ranging from about 0 to 1 1356.2355 litres/minute (0 to 3.000 gallons/minute) 
and 0 to 620.52813 bar (0 to 9.000 psi) in order to optimally provide suflicient operating 
j5 pressures to circulate fluids at operationally efficient rates. 

The fluid passage 1330 permits fluidic materials to be transported to and 
from the region exterior to the tubular member 1310 and shoe 1316. The fluid 
passage 1330 is coupled to and positioned within the shoe 1315 in fluidic 
communication with the interior region 1370 of the tubular member 1310 below 
20 the expandable mandrel 1305. The fluid passage 1330 preferably has a cross- 
sectaonal shape that permito a plug, or other similar device, to be placed in fluid 
passage 1330totherebyblockfurtherpassageoffluidicmaterials. Inthismanner 
ttie interior region 1370 of the tubular member 1310 below the expandable 
mandrel 1305 can be fluidicly isolated from the region exterior to the tabular 
25 member 1310. This permite the interior region 1370 of the tubular member 1310 
below the expandable mandrel 1305 to be pressurized. The fluid passage 1330 is 
preferably positioned substentiaUy along the centerline of tte apparatus 1300 

The fluid passage 1330 is preferabfy selected to conv^ materials such as 
cement. drilli:,g mud or epoxies at flow rates and pressures ranging from about 0 to 1 1356 2355 
30 htres/minute (0 to 3.000 gallons/minutc, and 0 to 620.52813 bar (0 to 9.000 psi) in order to 

opfmally f.,1 the annular region between the tubular member 1310 and the new section 1230 of - 
the wellbore 1200 with fluidic materials, m a preferred embodiment, the fluid passage 1330 
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includes an inlet geometry that can receive a dart and/or a ball sealing member. 
In this manner, the fluid passage 1330 can be sealed offby introducinga plug, dart 
and/or ball sealing elements into the fluid passage 1320. 

The fluid passage 1335 permits fluidic materials to be transported to and 
5 from the region exterior to the tubular member 1310 and shoe 1315. The fluid 
passage 1335 is coupled to and positioned within the shoe 1315 in fluidic 
communication with the fluid passage 1330. The fluid passage 1335 is preferably 
positioned substantially along the centerline of the apparatus 1300. The fluid 
passage 1335 is preferably selected to convey materials such as cement, drilling 
10 mud or epoxies at flow rates and pressures ranging from about 0 to 11 356.2355 

litres/minute (0 to 3,000 gallons/minute) and 0 to 620.52813 bar (0 to 9,000 psi) in order 
to optimally fill the amiular region between the tubular member 1310 and the new section 
1230 of the wellbore 1200 with fluidic materials. 

The seals 1340 are coupled to and supported by the upper end portion 1355 
15 ofthe tubular member 1310. The seals 1340 are further positioned on an outer 
surface ofthe upper end portion 1355 ofthe tubular member 1310. The seals 1340 
permit the overlapping joint between the lower end portion ofthe casing 1215 and 
the upper portion 1356 of the tubular member 1310 to be fluidicly sealed. The 
seals 1340 may comprise any number of conventional commercially available seals 
20 such as, for example, lead, robber, Teflon™, or epoxy seals modified in accordance 

with the teachings ofthe present disclosure. In a preferred embodiment, the seals 
1340 comprise seals molded from Stratalock epoxy available from HalUburton 
Energy Services in Dallas, TX in order to optimaUy provide a hydraulic seal in the 

annulusoftheoverlappingjointwhilealsocreatingoptimalloadbearingcapabiUly 
25 to withstand typical tensile and compressive loads. 

In a preferred embodiment, the seals 1340 are selected to optimally provide 
a sufTicientfrictionalforcetosupport theexpanded tubular member 1310 fh)m the 
existing casing 1216. In a preferred embodiment, the Motional force provided l^y 
the seals 1340 ranges fiom about 68.94757 to 68,947.57 bar (1,000 to 1,000,000 Ibf) in 
30 order to optimally support the expanded tubular member 1310. 

The support member 1345 is coupled to the expandable mandrel 1305, 
tubular member 1310. shoe 1316, and seals 1340. The support member 1345 
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preferably comprises an anntdar member having sufficient strength to carry the 
apparatus 1300 into the new section 1230 of the weUbore 1200, In a preferred 
embodiment, the support member 1345 further includes one or more conventional 
centralizers (not illustrated) to help stabilize the tubular member 1310. 
5 In apreferred embodiment, the support member 1345 is thoroughly cleaned 

prior to assanbly to the remaining portions of the apparatus 1300. In this 
mannCT, the introduction of foreign material into the apparatus 1300 is minimized. 
This minimizes the possibility of foreign material clogging the various flow 
passages and valves of the apparatus 1 300 and to ensure that no foreign material 
10 interferes with the expansion process. 

The wiper plug 1350 is coupled to the mandrel 1305 within the interior 
region 1370 of the tubular member 1310. The wiper plug 1350 includes a fluid 
passage 1375 that is coupled to the fluid passage 1320. The wiper plug 1350 may 
comprise one or more conventional commercially available wiper plugs such as, for 
15 example, Multiple Stage Cementer latch-down plugs, Omega latch-down phigs or 
three-wiper latch-down plug modified in accordance with the tea c hin g s of the 
present disclosure. In a preferred embodiment, the wiper phig 1350 comprises a 
Multiple Stage Cementer latch-down plug available from Halliburton Energy 
Services in Dallas, TX modified in a conventional manner for releasable 
20 attachment to the expansion mandrel 1305. 

In a preferred embodiment, before or after portioning the apparatus 1300 
within the new section 1230 of the wellbore 1200, a couple of weUbore volxunea are 
circulated m ord» to ensure that no foreign materials are located within the 
wellbore 1200 that mi^t dog up the various flow passages and valves of the 
25 apparatus 1300 and to ensure that no foreign material interferes with the 
extrusion process. 

As illustrated in Fig. 1 Ic, a hardenable fhudic sealing material 1380 is then 
pumped from a surface location into the fhiid passage 1320. The material 1380 
then passes finm the fluid i>assage 1320, throu^ the fluid passage 1375, and into 
30 the interior region 1370 of the tubular member 1310 below the eaqmndable 
mandrel 1305. The material 1380 then passes from the ulterior region 1370 into 
the fluid passage 1330. The material 1380 then exits the apparatus 1300 via the 
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fluid passage 1335 and fiUs the annular region 1390 between the exterior of the 
tubular member 13 10 and the interior waU of the new section 1230 of the wellbore 
1200. Continued pumping of the material 1380 causes the material 1380 to fill up 
at least a portion of the annular region 1390. 
5 The material 1380 may be pumped into the annular region 1390 at pressures and flow 

rates ranging, for example, from about 0 to 344.73785 bar (0 to 5000 psi) and 0 to 5678.1 177 
htres/minute (0 to 1.500 gallons/min). respectively. In a preferred embodiment, the material 
1380 is pumped into the annular region 1390 at pressures and flow rates ranging from about 0 to 
344.73785 bar (0 to 5000 psi) and 0 to 5678. 1 1 77 litres/minute (0 to 1 ,500 gallonsAnin). 
respectively, in order to optimally fill the amiular region between the tubular member 1310 and 
the new section 1230 of the wellbore 1200 with the hardenable fluidic sealing material 1380. 

The hardenable fluidic seaUng material 1380 may comprise any number of 
conventional commerciaDy available hardenable fluidic sealing materials such as, 
for example, slag mix. cement or epoxy. In a preferred embodiment, the 
15 hardenable fluidic sealing material 1380 comprises blended cements designed 

specificaUyfortheweDsectionbeingdriUedandavailable&x,mHam^urtonEneigy 
Servicesin order to opthnaUy provide support for the tubular member 1310during 

displacementofthemateriall380intheammlar region 1390. The optimumblend 
of the cement is preferably determined using conventional empirical methods 
20 The annular region 1390 preferably is filled with the material 1380 in 

sufficient quantities to ensure that, upon radial expansion of the tubular member 
1310, the annular region 1390 of the new section 1230 of the weUbore 1200 will be 
filled with material 1380. 

AsiUustratedinPig. lid. once the annular region 1390 has been adequately 
25 fiUed with material 1380.awiper dart 1395.orolJ«r similar device, is introduced 
mtothefluidpassagel320. The wiper dart 1395 is preferably pumped through the 
fluidpassagel320byanonhardenablefluidicmateriall381. The wiper dart 1395 
then preferably engages the wiper plug 1350. 

to. prefmed«nbodiment, engagement of tte 
30 "Perdertl395^ththe,iperph.gl360c»«.th,wiperptagI350,odecouple 
from then-ndrel 1305. ■n«wiperdartl395.ndwiperph.gl350thenpreferably 
mU lodge to the fluid p«sage 1330. therein bloclring fluid ftew thro^ 



passage 1330, and fluidicly isolating the interior region 1370 of the tubular 
member 1310 from the annular region 1390. In a preferred embodiment, the non 
hardenable fluidic material 1381 is then pumped into the interior region 1370 
causing the interior region 1370 to pressurize. Once the interior region 1370 
5 becomes sufficiently pressurized, the tubular member 1310 is extruded off of the 
expandable mandrel 1305. During the extrusion process, the expandable mandrel 
1305 is raised out of the expanded portion of the tubular member 1310 by the 
support member 1345. 

The wiper dart 1395 is preferably placed into the fluid passage 1320 by 
10 introducing the wiper dart 1395 into the fluid passage 1320 at a surface location 
in a conventional manner. The wiper dart 1395 may comprise any number of 
conventional commercially available devices from plugging a fluid passage such as, 
for example. Multiple Stage Cementer latch^own plugs. Omega latch-down phigs 
or three wiper latch-down phig/dart modified in accordance with the teachings of 
15 the present disclosure. In aprefenpedembodiment,thewiperdart 1395 comprises 
a three wiper latch-down phig modified to latch and seal in the Multiple Stage 
Cementer latch down plug 1350. The three wiper latch-down plug is available 
fi^m Halliburton Energy Services in Dallas, TX. 

After blocking the fluid passage 1330 using the wiper plug 1330 and wiper 
20 dart 1395, the non hardenable fluidic material 1381 may be pumped into the 
interior region 1370 at pressures and flow rates ranging, for example, from 
approximately 0 to 344.73785 bar (0 to 5000 psi) and 0 to 5678. 1 177 litres/minute (0 to 
1500 gallons/min) in order to optimally extmde the tubular member 1310 off of the 
mandrel 1305. In this mam»er, the amount of hardenable fluidic material within the 
2g "»tenorofthetubularmemberl310isminimized. 

In a prefeired embodiinent. after blocking the Guid passage 1330. the non hardenable 
fl«.d.c material 1381 is preferably puniped into the interior region 1370 at pressures and flow 
rates ranging from approximately 34.473 to 620.52813 bar (500 to 9.000 psi) and 151 4164 to 
11356.2355 litres/minute (40 to 3.000 gaUons/hun) in order to optimally provide operating 
pressures to maintain the expansion process at rates sufficient to permit adjustments to be made 
30 "operating parameters during the extnision process. 
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For typical tubular members 1310, the extrusion of the tubular member 
1310 off of the expandable mandrel 1305 will begin when the pressure of the 
interior region 1370 reaches, for example. q>proxiiDately 34.473 to 620.52813 bar (500 to 9,000 psi). In a 

preferred embodiment, the extrusion of the tubular member 1310 off of the 
5 expandable mandrel 1305 is a function of the tubular member diameter, wall 
thickness of the tubular member, geometry of the mandrel, the tiype of lubricant, 
the composition of the shoe and tubular member, and the yield strength of the 
tubular member. The optimum flow rate and operating pressures are preferably 
determined using conventional empirical methods. 
10 During the extrusion process, the expandable mandrel 1305 may be raised 

out of the expanded portion of the tubular member 1310 at rates ranging, for 
example, from about 0 to 1.524 m/s(0 to 5 ft/sec). In a prefeired embodiment, during 
the extnision process, the expandable mandrel 1305 may be raised out of the expanded 
portion of the tubular member 131 0 at rates ranging from about 0 to 0.6096 m (0 to 2 
j5 ft/sec) in order to optimally provide an efficient process, optimally permit operator 
adjustment of operation parameters, and ensure optimal completion of the extnision 
process before curing of the material 1380. 

When the upper end portion 1355 of the tubular member 13 10 is extruded off of 
the expandable mandrel 1305, the outer surface of the upper end portion 1355 of the 
tubular member 1310 will preferably contact the interior surface of the lower end portion 
20 ofthe casing 1215 to form an fluid tight overlapping joint, the contact pressure of the 
overlappmgjomt may range, for example, from approximately 3.447379 to 1.278 9514 
bar (50 to 20.000 psi). In a prefcn-ed embodiment, the contact pressure ofthe 
overlapping joint ranges from approximately 27.579028 to 689.4757 bar (400 to 10 000 
ps.) m order to optimally provide contact pressure sufficient to ensure annular sealing 

provide enough resistance to withstand tjpical tensile and compressive loads. In a 
particularly preferred embodiment, the sealing members 1340 will ensure an adequate 
fluidic and gaseous seal in the overlapping joint. 

In a preferred embodiment, the operating pressure and flow rate ofthe non 
hardenablc fluidic material 1381 is controllably ramped down when the expandable 
mandrel 1305 reaches the upper end portion 1355 ofthe tubular member 1310. In this 
manner, the sudden release of pressure caused by the complete extmsion 
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ofthetubularmemberiaiOoff of the expandable mandrel 1305 can be mi^^ 
In a preferred embodiment, the operating pressure is reduced in a substantiaUy 
linear fashion fiom 100% to about 10% during the end of the extrusion process 
beginning when the mandrel 1305 has completed approximately aU but about 5 
5 feet of the extrusion process. 

Alternativefy.orincombination^ashockabsorberisprovided in the support 
member 1345 in order to absorb the shock caused by the sudden release of 
pressure. 

Alternatively, or in combination, a mandrel catching structure is provided 
10 in the upper end portion 1355 of the tubular member 1310 in order to catch or at 
least decelerate the mandrel 1305. 

Once the extrusion process is completed, the expandable mandrel 1305 is 
removedfrom the wellbore 1200. In a preferred embodiment, either before or after 
the removal ofthe expandable mandrel 1305. the integrity ofthefluidic seal of the 
15 overlappingjomtbetweentheupperportionl355ofthetubularmemberl310and 
thelowerportionofthecasingl215istestedusingconventionalmethods. Ifthe 
nuidic seal of the overlapping joint between the upper portion 1355 ofthe tubular 
member 1310 and the lower portion ofthe casing 1215 is satisfectoiy, then the 
uncured portion of the material 1380 within the expanded tubular member 1310 
20 isthenremovedinaconventionalmanner. The material 1380 within the annular 
region 1390 is then allowed to cure. 

As illustrated in Fig. llf, preferably any remaining cui«d material 1380 
within the interior of the expanded tubular member 1310 is then removed in a 
conventionalmannerusingaconventionaldrillstring. The resulting new section 
25 ofcasingWOOinchidestheexpandedtubuhirmembermOandanouterannular 
layer 1405 of cured material 305. The bottom portion of the w»atus 1300 

oomprisingthe8hoel315maythenberemovedbydrilling<mtthe8hoel315ii8h^ 
conventional drilling methods. 

A method of creating a casmg in a borehole located in a subterranean 
30 formationhasbeendescribedthatincludesinstallingatubularlinerandamandrel 
intheborehole. A body offluidic material is then injected into the borehole. The 
tubular liner is then radialty expanded extniding the liner off of ^ 



The injecting preferably includes injecUng a hardenable fluldic sealing material 
into an annular region located between the borehole and the exterior of the 
tubular liner; and a non hardenable fhiidic material Into an interior region of the 
tubular liner below the mandrel The method preferably Includes fluldicly Isolating 
the annular region from the Interior region before injecting tfie second quantity of 
the non hardenable sealing material into the interior region. The injecting the 
hardenable fluidic sealing material is preferably provided at operating pressures 
and flow rates ranging from about 0 to 344.73785 bar (0 to 5000 psi) and 0 to 
567. 11 77 Utres/minute (0 to 1,500 gallons/min). The injecting of the non 
hardenable fluidic material is preferably provided at operating pressures and flow 
rates ranging from about 34.473 to 620.52813 bar (500 to 9000 psi) and 151.4164 to 
1 1 356.2355 liti-es/minute (40 to 3,000 gallons/min). The injecting of the non 
hardenable fluidic material is preferably provided at reduced operating pressures 
and flow rates during an end portion of ttie extmding. The non hardenable fluidic 
material is preferably injected below Uie mandrel. The method includes 
pressurizing a region of the tubular liner below the mandrel. The region of the 
tubular Hner below the mandrel is preferably pressurized to pressures ranging from 
about 34.473 to 620.52813 bar (500 to 9,000 psi). The method preferably includes 
fluidicly Isolating an interior region of tfie tubular liner from an exterior region of 
the tubular liner. The metfiod furtiier preferably Includes curing ttie hardenable 
sealing material, and removing at least a portion of the cured sealing material 
located wittiin the tubular liner. The method further preferably includes 
overiapping tfie tubular Uner with an existing weUbore casing. The method fiirttier 
preferably includes sealing tfie overiap between ttie tubular Uner and ttie existing 
wellboie casing. TTie mettiod ftirtfier preferably includes supporting ttie extnided 
tubular liner using ttie overiap witti ttie existing wellbore casing. The meUiod 
fimher preferably includes testing ttie integrity of ttie seal in ttie overiap between 
ttie tubular liner and ttie existing wellbore casing. Hie method furttier preferably 
includes removing at least a portion of ttie hardenable fluidic sealing material 
wittiin ttie tubular liner before curing. The metfiod furttier preferably includes 
lubricating ttie surface of ttie mandrel. The mettiod furttier preferably Includes 
abs(^ing shock. The mettiod furttier preferably includes catching ttie mandrel 
uporf ttie completion of ttie extrudir^. 
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An apparatus for creating a casing in a borehole located in a subterranean 
formation has been described that inctades a support member, a m«.d«l a 
tubular member, and a shoe. The «wort member includes a first fluid passage 
Themandreliscoupledtothesupportmemberandincludesasecondfluidpassage 
5 Tl.etub«larmemberiscoupledtothemand«l.Thesho.iscoupIedtothetubular 
linerandincludes.thirdfluidpa«»ge. The first, second and third fluid passages 
areoperdrtjrcoupled. The support member preferably fiarther includes a pressure 
rehef passage, and a flow control valve coupled to the first fluid passage and the 
pressurereliefpassage. The support member flmher preferably includes a shook 
10 absoAer. I^^ipport member preferably inctades one or more sealing member, 

adapted topreventforeignmaterialft„menteringaninteriorregion.fthetub«lar 
member. The mandrel is preferably sq^rfable. -ae tubular m«nber i, 
^ferably ftbricated ftom materials selected 6o« th.gr<«p comristingof Oilfield 
Co<»'n'TubularGoods,13chro«iumsteeltubing/caatag.andplastiocaaing.The 

memberpreferablyinctadesoneormore.ealingmembers.tanendportion 'H.e 
tubular m«nber preferably inctades one or more procure relief holes at an end 
20 person, m tubular member prefe»bly includes a catching member at an end 

porfonfor Blowtogdown the mandrel. The shoepreferablyinctadesaninletport 
coupled to the third fluid p^. the inlet port adapted to receive a ptag Ibr 
blockmg the inlet port The shoe preferably is driUable. 

25 r ^,^r''°'°*'^"'°""''^'^''^*°'«^'^-»«'ber.the 

«.e second tubular member, has bee. described that tectadea podSoning a 

mandre„thinaninte.iorr.gi.„ofthe,econdtubutar««nber.p„sitionmgthe 
tot and »«nd tubular member, in a. overtopping r^o^. ^,.33^ 

30 -t*" of the second tubular member^ and eluding the 

30 -"^t-bubrmemberoffofthemandrelintoengagem^twiththefirst Juh. 

TT» pressurizmg of the portion of the interior region of the second 

«"taIarmemberispr.fe«b|yp,ovided«operath«pressuraa.angingfl,m^^ 
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34.473 to 620.52813 bar (500 to 9,000 psi). The pressurizii^ of the portion of the interior region of the 

second tubular member is preferably provided at reduced operating pressures 
during a latter portion of the extruding. The method further preferably includes 
sealing the overlap between the first and second tubular members. The method 
5 further prrferably includes supporting the extruded first tubular member usmg 
the overlap with the second tubular member. The method further preferably 
includes lubricating the surface of the mandrel. The method further preferably 
includes absori)ing shock. 

Aliner for use in creating a new section of wellbore casing in a subterranean 
10 formation a4iaoent to an ah^ady existing section of wellbore casmg has been 
described that includes an annular member. The annular member includes one or 
more sealing members at an end portion of the annular member, and one or more 
pressure relief passages at an end portion of the annular member. 

A weUbore casing has been described that includes a tubular liner and an 
16 annular body of a cured fluidicsealingmaterial. The tubular liner is formed by the 
process of extruding the tubular liner off of a mandreL The tubular liner is 
preferably formed by the process of placing the tubular liner and mandrel within 
the weUbore, and pressurizing an interior portion of the tubular liner. The 
annular body of the cured fluidic sealing material is preferably formed by the 
20 process of injecting a body of hardenable fhiidic sealing material into an annular 
region external of the tubular liner. During the pressurizing, the interior portion 
of the tubular liner is preferably fluididy isolated from an exterior portion of the 
tubular liner. The interior portion of the tubular liner is preferably pressurized 
to pressures nnging from about 34.473 to 620.528 13 bar (500 to 9.000 psi). ITie tubular liner preferably 
25 overlaps With an existing weUbore casing. The wellbore casing preferably further 
includes a seal positioned in the overlap between the tubular liner and the existing 
wellbore casing. Tubular liner is preferably supported the overlap with the 
existing wellbore casing. 

A method of repairing an existing section of a wellbore casing within a 
30 boreholehasbeendeacribedthatindudesinstallingatubularlinerandamandrel 
within the weUbore casing, iiyectinga body of afluidic material into the borehole, 
pressurizing a portion of an interior region of the tubular liner, and radiaUy 
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e:q>anding the liner in the borehole by extruding the liner off of the mandrel. In 
a preferred embodiment, the fluidic material is selected from the group consisting 
of slag mix, cement, drilling mud, and epoxy. In a preferred embodiment, the 
method further includes fluidicly isolating an interior region of the tubular liner 
5 from an exterior region of the tubular liner. In a preferred embodiment, the 
im'ecting of the body of fluidic material is provided at operating pressures and flow 

rates ranging fiom about 34.473 to 620.52813 bar (500 to 9,000 psi) and 151.4164 to 113562.355 
Utres/mmute (40 to 3.000 gaUom/min). In a preferred embodiment, the injecting of the body of fluidic 
material is provided at reduced operating pressures and flow rates during an end portion of Ae extruding. 

10 In a preferred embodiment, the fluidic material is injected below the mandrel. In 
a preferred embodiment, a region of the tubular liner below the mandrel is 
pressurized. In a preferred embodiment, the region of the tubular liner below the 

mandrel is pressurized to pressures ranging from about 34.473 to 620.5281 3 bar (500 to 9,000 psi). In a 

preferred embodiment, the method flirther includes overlapping the tubular liner 
15 with the existing wellbore casing. In a preferred embodiment, the method further 
includes sealing the interfieu» between the tubular liner and the existing wellbore 
casing. In a preferred embodiment, the method flirther includes supporting the 
extruded tubular liner using the existing wellbore casing. In a preferred 
embodiment, the method fturther mdudes testing the integrity of the seal in the 
20 interikce between the tubular liner and the existing wellbore casing. In a 
preferred embodiment, method further includes lubricating the surface of the 
mandrel. In a preferred embodiment, the method further includes absorbing 
shock. In a preferred embodiment, the method further includes catching the 
mandrel upon the completion of the extruding. In a preferred embodiment, the 
25 method further includes expanding the mandrel in a radial direction. 

A tie-back liner for lining an existing wellbore casing has been described 
that includes a tubular liner and an annular body of a cured fluidic sealing 
material. The tubular liner is formed by the process of extruding the tubular liner 
off of a mandrel. The annular body of a cured fluidic sealing material is coupled 
30 to the tubular liner. In a preferred embodiment, the tubular liner is formed by the 
process of placing the tubular liner and mandrel within the weUbore, and 
pressurizing an interior portion of the tubular liner. In a preferred embodiment, 
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during the pressurizing, the interior portion of the tubular liner is fluidicly isolated 
from an exterior portion of the tubular liner. In a preferred embodiment, the 
interior portion of the tubular liner is pressurized at pressures ranging from about 
34.473 to 620.5281 3 bar (500 to 9,000 psi). In a prefcmsd embodiment, Ae annular body of a cured fluidic 
5 sealing material is formed by the process of injecting a body of hardenable fluidic 
sealing material into an annular region between the existing wellbore casing and 
the tubular liner. In a preferred embodiment, the tubular liner overlaps with 
another exi st ing wellbore casing. In a preferred embodiment, the tie-back liner 
further includes a seal positioned in the overlap between the tubular liner and the 
10 other existing wellbore casing. In a preferred embodiment, tubular liner is 
supported by the overlap with the other existing wellbore casing. 

An apparatus for expanding a tubular member has been described that 
includes a support member, a mandrel, a tubular member, and a shoe. The 
support member includes a first fluid passage. The mandrel is coupled to the 
15 support member. The mandrel includes a second fluid passage operably coupled 
to the first fluid passage, an interior portion, and an exteriorportion. Theinterior 
portion ofthe mandrel is driUable. The tubular member is coupled to the mandrel. 
The shoe is coupled to the tubular member. The shoe includes a third fluid 
passage operably coupled to the second fluid passage, an interior portion, and an 
20 exterior portion. The interior portion of the shoe is drillable. Preferably, the 
interior portion of the mandrel inchzdes a tubular member and a load bearing 
member. Preferably, the load bearing member comprises a drillable body. 
Preferably, the interior portion ofthe shoe includes a tubular member, and a load 
bearing member. Preferably, the load bearing member comprises a drillable body • 
Preferably, the exterior portion of the mandrel comprises an expansion cone. 
Preferably, the expansion cone is fabricated from materials selected from the group 
consisting oftool steel, titanium, and ceramic. Preferably, the expansion cone has 
a surface hardness ranging from about 58 to 62 Rockwell C. Preferably at least a 
portion ofthe apparatus is drillable. 

Although illustrative embodiments of the invention have been shown and 
described, a wide range of modification, changes and substitution is contemplated 
in the foregoing disclosure. In some instances, some features of the present 
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in vention may be onployed without a correspondiBg use of the other features. 
Accordingly, it is appropriate that the appended claims be construed broadly and 
in a mann er consistent with the scope of the invention. 
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CLAIMS 



1. A method of creating a casing in a borehole located in a 
subterranean formation, comprising: 

instalhng a tubular liner and a mandrel in the borehole; 

injecting a fluidic material into the borehole; 

injecting the fluidic material through the mandrel; 

pressurizing a portion of an interior region of the tubular liner below the 
mandrel; and 

radially expanding at least a portion of the tubular liner in the borehole 
by extruding at least a portion of the tubular liner off of the mandrel. 

2. A method of creating a casing in a borehole located in a section 
of a subterranean formation, the borehole having an already existing casing, 
comprising: 

drilling out a new section of the borehole adjacent to the already existing 

casing; 

placing a tubular liner and an expandable mandrel into the new section 
of the borehole; 

overlapping the tubular liner with the already existing casing; 

injecting a hardenable fluidic sealing material into an annular region 
between the tubular liner and the new section of the borehole; 

fluidicly isolating the annular region between the tubular liner and the 
new section of the borehole from an interior region of the tubular liner below 
the mandrel; 

injecting a non hardenable fluidic material into the interior region of the 
tubular liner below the mandrel; 

extruding the tubular liner off of the expandable mandrel; 

sealing the overlap between the tubular liner and the already existing 

casing; 

supporting the tubular liner with the overiap with the already existing 

casing; 
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removing the mandrel Grom the borehole; 

testing the integrity of the seal of the overlap between the tubular liner 
and the already existing casing; 

removing at least a portion of the hardenable fluidic sealing material 
5 from the interior of the tubular liner; 

curing the remaining portions of the hardenable fluidic sealing material; 

and 

removing at least a portion of the cured hardenable fluidic sealing 
material within the tubular linar. 

3. An apparatus, comprising: 

a sq>port member, the support member including a first fluid passage; 
a mandrel coupled to the support member, the mandrel including: 
a second fluid passage; 

a tubular member coupled to the mandrel; and 
a shoe coupled to the tubular member, the shoe including a third fluid 
passage; 

wherein the first, second and third fluid passages are operably coupled. 

4. An apparatus, comprising: 
a support member, the support member including: 
a first fluid passage; 
a second fluid passage; and 

a flow control valve coupled to the first and second fluid passages; 
an expandable mandrel coupled to the support member, the expandable 
mandrel including a third fluid passage coupled to the first fluid passage; 

a tubular member coupled to the mandrel, the tubular member including 
one or more sealing elements; 

a shoe coupled to the tubular member, the shoe including: 
a fourth fluid passage coupled to the third fluid passage, the fourth fluid 
passage adapted to receive a stop member; and 
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one or more exhaust passages coupled to the fouitii fluid passage for 
injecting fluidic material outside of the shoe; and ^ 

at least one sealing member coupled to the support member, the sealing 
member adapted to prevent the entiy of foreign material into an interior region 
of the tubular member. 

5. A method of joining a second tubular member to a first tubular 
member, the first tubular member having an inner diameter greater than an 
outer diameter of the second tubular member, comprising: 

positioning a toiandrel within an interior region of the second tubular 
member; 

pressurizing a portion of the interior region of the second tubular 
member below the mandrel by injecting a fluidic material into the second 
tubular member through ttie mandrel; and 

extmding the second tubular member off of the mandrel into 
engagement with the first tubular member. 

6. An apparatus, comprising: 

a support member including a first fluid passage; 

a mandrel coupled to the support member, the mandrel including: 

a second fluid passage operably coupled to the first fluid passage; 

an interior portion; and 

an exterior portion; 

wherein the interior portion of the mandrel is drillable; 

an expandable tubular member coupled to the mandrel; and 

a shoe coupled to the tubular member, the shoe including: 

a third fluid passage operably coupled to the second fluid passage; 

an interior portion; and 

an exterior portion; 

wherein the interior portion of the shoe is driUable. 
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method of claim 1, wherein the injecting includes: 
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injecting hardenable fluidic sealing material into an annular region 
located between the borehole and the exterior of the tubular liner; and 

injecting non hardenable fluidic material into an interior region of the 
tubular liner below the mandrel. 

8. The method of claim 7, further comprising: 

fluidicly isolating the annular region from the interior region before injecting 
the non hardenable fluidic material into the interior region. 

9. The method of claim 7, wherein the injecting of the hardenable 
fluidic sealing material is provided at operating pressures and flow rates 
ranging from 0 to 344.738 bar (0 to 5.000 psi) and 0 to 5618.12 litres/min (0 to 
1,500 gallons/min). 

10. The method of claim 7, wherein the injecting of the non 
hardenable fluidic material is provided at operating pressures and flow rates 
ranging from 34.473 to 620.52813 bar (500 to 9,000 psi) and 151.4164 to 
1 1356.2355 litres/min (40 to 3,000 gallons/min), 

11. The method of claim 7, wherein the injecting of the non 
hardenable fluidic material is provided at reduced operating pressures and flow 
rates during an end portion of the extruding. 

1 2. The method of claim 1 , wherein the portion of the tubular liner 
below the mandrel is pressurized to pressures ranging from 34.473 to 
620.52813 bar (500 to 9,000 psi). 

1 3. The method of claim 1 , further comprising: 

fluidicly isolating an interior region of the tubular liner from an exterior 
region of the tubular liner. 
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14. The method of claim 13, wherein the interior region of the 
tubular hner isolated from the region to the tubular Hner by inserting one or 
more plugs into the injected fluidic material 

5 15. The method of claim 1 , further comprising: 

curing at least a portion of the fluidic material; and 
removing at least a portion of the cured fluidic material located within 
the tubular liner. 

10 16. The method of claim 1 . further conq>rising: 

overlapping the tubular liner with an existing wellbore casing. 

1 7. The method of claim 16, further comprising: 

sealing the overlap between the tubular liner and the existing wellbore 

15 casing. 



1 8. The method of claim 1 7, further comprising: 

supporting the extruded tubular liner using the overlap with the existing 
wellbore casing. 

1 9. The meAod of claim 1 7, further comprising: 

testing the integrity of the seal in the overlap between the tubular liner 
and the existing wellbore casing. 
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2 5 20. The method of claim 1 5, further comprising: 

removing at least a portion of the hardenable fluidic sealing material 
within the tubular liner before curing. 

21 . The method of claim 1 , further comprising: 

3 0 lubricating the surface of the mandrel. 



22. The method of claim 1 , further comprising: 
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absorbing shock. 

23. The method of claim I, further comprising: 
catching the mandrel upon the completion of the extruding. 

5 

24. The method of claim 1 , further comprising expanding the 
mandrel in a radial direction. 

25 . The method of claim 1 , further including: 
1 0 drilling out the mandrel. 

26. The method of claim 1 , further including: 
supporting the mandrel with coiled tubing. 

15 27. The method of claim 1 , wherein the wall thickness of the tubular 

liner is variable. 

28. The method of claim 1 , wherein the mandrel is coupled to a 
drillable shoe. 

20 

29. The apparatus of claim 3, wherein the support member further 
includes: 

a pressure relief passage; and 

a flow control valve coupled to the first fluid passage and the pressure 
2 5 relief passage. 

30. The apparatus of claim 3, wherein the support member further 
includes a shock absorber. 

30 31. The apparatus of claim 3, wherein the support member includes 

one or more sealing members adapted to prevent foreign material from entering 
an interior region of the tubular member. 



32. The apparatus of claim 3, wherein the support member includes 
one or more stabilizers. 

33. The apparatus of claim 3, wherein the mandrel is expandable. 

34. The apparatus of claim 3, wherein the tubular member is 
fabricated from materials selected from the group consisting of automotive 
grade steel, plastic and chromium steel. 

35. The apparatus of claim 3, wherein the tubular member has inner 
and outer diameters ranging from 1 .905 to 1 19.38 cms (0.75 to 47 inches) and 
2.667 to 121.92 cms (1.05 to 48 inches), respectively. 

36. The apparatus of claim 3, wherein the tubular member has a 
plastic yield point ranging from 275.9028 to 9307.92195 bar (40,000 to 
135,000 psi). 

37. The apparatus of claim 3, wherein the tubular member includes 
one or more sealing members at an end portion. 

38. The apparatus of claim 3, wherein the tubular member includes 
one or more pressure relief holes at an end portion. 

39. The apparatus of claim 3, wherein the tubular member includes a 
catching member at an end portion for slowing down movement of the mandrel. 

40. The apparatus of claim 3, wherein the shoe includes: 

a fluid conduit coupled to the third fluid passage, the fluid conduit 
adapted to receive a plug for blocking the fluid conduit. 
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41 . The apparatus of claim 3, wherein the support member comprises 
coiled tubing. 

42. The apparatus of claim 3, wherein the shoe includes one or more 
5 exhaust passages coupled to the third fluid passage for injecting fluidic material 

outside of the shoe. 

43. The apparatus of claim 3, further conq)rising at least one wiper 
plug removably coupled to the mandrel. 

10 

44. The apparatus of claim 43, wherein the wiper plug includes a 
fluid passage operably coupled to the second fluid passage. 

45. The apparatus of claim 3, wherein at least a portion of the 
1 5 mandrel and shoe are dhllable. 

46. The apparatus of claim 3» the wall thickness of the tubular 
member in an area adjacent to the mandrel is less than the wall thickness of the 
tubular member in an area that is not adjacent to the mandrel. 

20 

47. The method of claim S, wherein the pressurizing of the portion of 
the interior region of the second tubular member is provided at operating 
pressures ranging from 34.473 to 620.52813 bar (500 to 9,000 psi). 

25 48. The method of claim 5, wherein the pressurizing of the portion of 

the interior region of the second tubular member is provided at reduced 
operating pressures during a latter portion of the extruding. 

49. The method of claim 5, further comprising: 

3 0 sealing the interface between the first and second tubular members. 

50. The method of claim 5, further comprising: 
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supporting the extruded second tubular member using the interface with 
the first tubular member. 

5 1 . The method of claim 5, further conq)rising: 
5 lubricating the surface of the mandrel. 

52. The method of claim 5, further con^rising: 
absorbing shock. 

10 53. The method of claim 5, further con^rising: 

expanding the mandrel in a radial direction. 

54. The method of claim 5, further comprising: 
positioning the first and second tubular members in an overlapping 

15 relationship. 

55. The method of claim 5, further comprising: 

fluidicly isolating an interior region of the second tubular member firom 
an exterior region of the second tubular member. 

20 

56. The method of claim 55, wherein the interior region of the 
second tubular member is fluidicly isolated firom the region exterior to the 
second tubular member by injecting one or more plugs into the interior of the 
second tubular member, 

25 

57. The method of claim 5, wherein the pressurizing of the portion of 
the interior region of the second tubular member is provided by injecting a 
fluidic material at operating pressures and flow rates ranging from 34.473 to 
620.52813 bar (500 to 9,000 psi) and 151.4164 to 1 1356.2355 litres/minute (40 

30 to 3,000 gallons/minute). 



58. The method of claim 5, further coniprising: 
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injecting fluidic material beyond the mandrel. 

59. The method of claim 5, wherein the region of the tubular liner 
beyond the mandrel is pressurized to pressures ranging from 34.473 to 
620.52813 bar (500 to 9,000 psi). 

60. The method of claim 5, wherein the first tubular member 
comprises an existing section of wellbore. 

6 1 . The method of claim 5, further comprising: 

supporting the extruded second tubular member using the first tubular 
member. 

62. The method of claim 49, further comprising: 

testing the integrity of the seal in the interface between the first tubular 
member and the second tubular member. 

63. The method of claim 5, further coniprising: 
catching the mandrel upon the completion of the extruding. 

64. The method of claim 5, further comprising: 
drilling out the mandrel. 

65. The method of claim 5, further comprising: 
supporting the mandrel wifli coiled tubing. 

66. The method of claim 5, further comprising: 
coupling the mandrel to a drillable shoe. 

67. The apparatus of claim 6, wherein the interior portion of the 
mandrel includes: 

a tubular member; and 



a load bearing member. 



68. The apparatus of claim 67, wherein the load bearing member 
comprises a drillable body. 

5 

69. The apparatus of claim 6, wherein the interior portion of the shoe 
includes: 

a tubular memben and 
a load bearing member. 

10 

70. The apparatus of claim 69, wherein the load bearing member 
comprises a drillable body. 

71 . The apparatus of claim 6, wherein the exterior portion of the 
1 5 mandrel comprises an expansion cone. 

72. The apparatus of claim 71, wherein the expansion cone is 
fabricated from materials selected from the group consisting of ceramic, tool 
steel, titanium and low alloy steel. 

20 

73. The apparatus of claim 71 , wherein the expansion cone has a 
surface hardness ranging from about 58 to 62 Rockwell C. 

74. The apparatus of claim 6, further comprising: 

2 5 one or more wiper plugs coupled to the mandrel 

75. The apparatus of claim 74, wherein the wiper plug includes a 
fluid passage fluidicly coupled to the second fluid passage. 

3 0 76. The apparatus of claim 6, wherein the support member comprises 

coiled tubing. 
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77. The method of claim 1, wherein the interface between the 
mandrel and the tubular liner is not fluid tight 

78. The method of claim 2, wherein the interface between the mandrel 
and the tubular liner is not fluid tight. 

79. The apparatus of claim 4, wherein the interface betwera the 
tubular member and the expandable mandrel is not fluid tight. 

80. The method of claim 5, wherein the interface between the second 
tubular member and the mandrel is not fluid tight. 

81. The apparatus of claim 6, wherein the interface between the 
mandrel and the tubular member is not fluid tight 

82. An apparatus, comprising: 

a support member defining a first fluid passage; 
an expansion mandrel coupled to the support member including an outer 
expansion surface and defining a second fluid passage; 

a tubular liner coupled to the expansion mandrel; and 

a shoe coupled to the tubular liner defining a third fluid passage; 

wherein the first, second and third fluid passages are operably coupled; 

and 

wherein the interface between the tubular liner and the expansion 
mandrel is not fluid tight 

83. The apparatus of claim 82, wherein the 
support member further includes a shock absorber. 
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84. The apparatus of claim 82, wherein the support member includes 
one or more sealing members adapted to prevent foreign material from entering 
an interior region of the tubular liner. 

5 85. The apparatus of claim 82, wherein the support member includes 

one or more stabilizers. 

86. The ^paratus of claim 82, wherein the expansion mandrel is 
expandable. 

10 

87. the apparatus of claim 82, wherein the tubular liner is fabricated 
from materials selected from the group consisting of automotive grade steel, 
plastic and chromium steel. 

15 88. The apparatus of claim 82, wherein the tubular liner has inner 

and outer diameters ranging from 1.905 to 119.38 cms (0.75 to 47 inches) and 
2.667 to 121.92 cms (1.05 to 48 inches), respectively. 

89. The apparatus of claim 82, wherein the tubular liner has a plastic 
2 0 yield point ranging from 275.9028 to 9307.92195 bar (40,000 to 135,000 psi). 

90. The apparatus of claim 82, wherein the tubular liner includes one 
or more sealing memb^ at an end portion. 

2 5 91. The apparatus of claim 82, wherein the tubular linCT includes one 

or more pressure relief holes at an end portion. 

92. The apparatus of claim 82, wherein the tubular liner includes a 
catching member at an end portion for slowing down movement of the 

3 0 expansion mandrel. 



93. The apparatus of claim 82, wherein the shoe further defines an 
fluid conduit coupled to the third fluid passage, the fluid conduit adapted to 
receive a plug for blocking the fluid conduit. 

5 94. The apparatus of claim 82, wherein the support member 

comprises coiled tubing. 

95. The apparatus of claim 82, wherein the shoe includes one or 
more exhaust passages coupled to the third fluid passage for injecting fluidic 
1 0 material outside of the shoe. 



96. The ^paratus of claim 82, further comprising at least one wiper 
plug removably coupled to the expansion mandrel. 

1 5 97. The apparatus of claim 96, wherein the wiper plug defines a 

fourth passage operably coupled to the second fluid passage. 

98. The apparatus of claim 82, wherein at least a portion of the 
expansion mandrel and shoe are drillable. 

20 

99. The apparatus of claim 82, the wall thickness of the tubular liner 
in an area adjacent to the expansion mandrel is less than the wall thickness of 
the tubular liner in an area that is not adjacent to tiie expansion mandrel. 



25 1 00. The apparatus of claim 82, wherein third fluid passage defined by 

the shoe comprises one or more radial passages defined by the shoe. 

101. The apparatus of claim 82, further comprising a packer coupled 
to the shoe. 

30 

102. The apparatus of claim 82, wherein the wall thickness of a 
portion of the tubular liner above ttie expansion surface of the expansion 



( 



mandrel is greater tban the wall thickness of a portion of the tubular liner below 
the expansion surfece of the expansion mandrel 



.103. An apparatus, comprising: 
5 2 support member defining a first fluid passage; 

an expansion mandrel coupled to the support member including an outer 
expansion surface and defining a second fluid passage; 
a tubular liner coupled to the expansion mandrel; 
a shoe coupled to the tubular liner defining a third fluid passage; and 
10 a packer coupled to the shoe; 

wherein the first, second and third fluid passages are operably coupled 

1 04. An apparatus, comprising: 
a support member defining a first fluid passage; 
15 an expansion mandrel coupled to the support member including an outer 

expansion surface and defining a second fluid passage; 

a tubular liner coupled to the expansion mandrel; and 

a shoe coupled to the tubular liner defining a third fluid passage; 

wherein the first, second and third fluid passages are operably coupled; 

20 and 

wherein the third fluid passage defined by the shoe con5)rises one or 
more radial passages. 

1 05. An apparahis, comprising: 
a support member defining a first fluid passage; 
an expansion mandrel coupled to the support member including an outer 
expansion surface and defining a second fluid passage; 

a tubular liner coupled to the expansion mandrel; and 
a shoe coupled to the tubular liner defining a third fluid passage; 
wherein the first, second and third fluid passages are operably coupled; 

and 



25 



30 



wherein the wall thickness of a portion of the tubular liner above the 
expansion surface of the expansion mandrel is greater than a wall thickness of a 
portion of the tubular liner below the expansion surface of the expansion 
mandrel. 
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